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SUMMARY 
 
The sessile nature of plants makes them susceptible to a host of microbial 
pathogens (e.g. Xanthomonas campetris pv. campestris (Xcc) which causes black 
rot disease in members of the Brassicaceae family). To ward off these pathogens, 
plants have evolved an intricate immune system to enable them to recognize the 
pathogen and surmount defense responses to ultimately arrest the pathogen and 
microbial infection. Recognition depends on the perception of the pathogen which is 
central to the activation and signaling of further downstream defense-related 
responses and occurs by the plant pattern-recognition receptors (PRRs) localized at 
the plasma membrane which recognizes conserved microbial molecular 
signatures/patterns which are known as pattern/microbe-associated-molecular 
patterns (PAMPs/MAMPs). This perception activates an immune response in the 
plant known as MAMP-triggered immunity (PTI/MTI).  
 
A MAMP central to this study is lipopolysaccharides (LPS). LPS is a tripartite 
lipoglycan which is located on the outer cell-surface of Gram-negative bacteria and 
plays a major role in the survival and growth of these organisms. Previous studies 
have shown that in plants LPS has shown its potential as a MAMP due to the ability 
to potentiate a P/MTI associated with the activation of defense-related responses 
and expression of pathogenesis-related (PR) genes. Much speculation exists about 
the role that each of these moieties play in the elicitation of MTI and different plant 
PRRs have been proposed to recognize the different moieties. Hence, this 
necessitated the inclusion of LPS from two Xanthomonas strains, namely a wild-type 
(Xcc 8004) and mutant (Xcc 8530) in this study. One of the well-studied immune 
responses by these LPSs is the hypersensitive response (HR) or programmed cell 
death (PCD) due to the MAMPs’ ability to suppress or prevent it.   
 
Plant perception and recognition of LPS in plants have not been as well-understood 
or well-documented as in mammalian cells. There remains a lack of information 
regarding the LPS binding/recognition mechanism and further downstream signaling 
cascades. Only recently, an S-domain receptor-like kinase (RLK), 
xxii 
 
lipooligosaccharide-specific reduced elicitation (LORE), was identified capable of 
perceiving the lipid A moiety only from Pseudomonas and Xanthomonas species. 
Furthermore, the exact mechanism of binding still remains unknown while further 
downstream signaling cascades are yet to be determined. In addition, it remains 
largely unknown which PRR-RLK binds to which LPS moiety. Hence the above-
mentioned validates further studies on receptor/receptor complexes and LPS-
binding/interacting proteins which could lead to an increased understanding of plant 
disease resistance and host-pathogen interactions. The knowledge gained from such 
a study could impact on the improvement of plant basal disease resistance and, in 
so doing, decrease crop losses due to microbial invasion.  
 
As such, this study is aimed to capture, enrich and identify LPS-interacting proteins 
from the Arabidopsis thaliana plasma membrane (PM) fractions following treatment 
with two LPS chemotypes; from the Xcc wildtype 8004 and mutant 8530 strains in 
order to elucidate the LPS receptor/receptor complex, which leads to the 
initiation/activation of plant defense responses 
 
In order to identify receptor complexes containing LPS-interacting proteins in A. 
thaliana in response to MAMP perception, LPSs from the two Xcc bacterial strains 
were isolated using the phenol-water based method. Subsequent to isolation the 
lipoglycan was characterized by assays quantifying the 2-keto-3-deoxyoctonate 
(KDO), carbohydrate as well as the protein content, followed by SDS-PAGE analysis 
to determine the banding pattern of wild-type vs mutant LPS. Mature A. thaliana 
plants were treated with 100 µg/mL of both LPS chemotypes over a 24 h period. 
Subsequently the PM was isolated using a small-scale sucrose density gradient 
centrifugation approach from enriched homogenate (HM) and microsomal fraction 
(MF) fractions. The isolation procedure was validated by the Western blot and H+-
ATPase assays as well as one-dimensional (1D) gel analysis coupled to 
densitometric analysis for the HM, MF and PM fractions. In addition, two-dimensional 
gel analysis of the PM was performed to analyse PM marker proteins in response to 
LPS treatment. Downstream investigations included three affinity capture strategies 
with resins complimentary to binding the different LPS moieties for enrichment of 
candidate LPS-interacting PM-associated proteins. These included the Detoxi-gel™ 
endotoxin removing gel, MagReSyn™ streptavidin magnetic polymeric microspheres 
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and EndoTrap® HD endotoxin removal systems. Following affinity capture, in-
solution liquid chromatography-tandem mass spectrometry (LC-MS/MS) was used 
for the identification of bound proteins, and the data further analysed by Byonic™ 
and Uniprot Kb.   
 
The LPS from Xcc 8004 and Xcc 8530 was successfully extracted and 
characterized, with structural differences observed between the wild-type and mutant 
LPS. Successful isolation of the PM was validated by the sucrose-density gradient 
centrifugation was observed by Western-blot analysis, H+-ATPase assay and 1D gel 
analysis. Two-dimensional gel analysis identified PM markers as well as non-
enriched proteins that coincided with those found in the affinity enriched PM fractions 
in response to the Xcc 8004 and 8530 LPS chemotypes. In addition, the results also 
showed electrophoretically distinct proteins when compared to the control. The 
affinity enrichment strategies subsequent to both LPS chemotype treatments 
identified candidate LPS-interacting PM-associated proteins that were involved in 
plant immunity and associated defense-related responses, and arranged in 
functional categories. The proteins included the G-type lectin S-RLK kinase 
At1g67520, G-type lectin S-RLK At4g27300/ SD1-1, putative BPI/LBP family protein 
At1g04970, G-type lectin S-RLK At1g11330/ SD1-13 at number, leucine-rich repeat 
receptor (LRR-RLK) SOBIR1, inactive LRR-RLK BIR2, dehydrins, remorins, 
myrosinases, jacalin-related lectins, mannose binding lectins, hypersensitive-induced 
response (HIR) proteins, aquaporins and SNAREs to name a few.  
 
The affinity enrichment strategy proved to be successful in capturing the candidate 
LPS-interacting proteins from A. thaliana PM in response to both the Xcc 8004 and 
8530 LPS chemotypes. Significant proteins such as the G-type lectin S-receptor-like 
serine/threonine-protein kinase SD1-13 and the putative BPI/LBP family protein 
At1g04970 are of paramount importance to this study as the former is a close 
homologue to the Nt-SD-RLK proposed to perceive LPS in tobacco, and the latter is 
required for direct binding to LPS. The different affinity strategies increased the 
significance of the common/shared identified LPS-interacting PM-associated 
proteins, and also suggest that these participate in a shared ‘complex’ in response to 
the LPS chemotypes. Not only the lipid A, which is usually regarded as an epitope 
involved in LPS perception and eliciting defense-related responses, but also the O-
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chain polysaccharide and core-oligosaccharide were able to capture perception and 
signalling - as well as defense-related proteins. Lastly, the chemically and 
structurally altered molecular conformation of the moieties in the mutant strain 
affected both the binding and the capturing-ability of proteins, and thus most likely 
the eliciting and immune response. 
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CHAPTER 1: GENERAL INTRODUCTION, 
HYPOTHESIS AND AIMS OF THE STUDY 
 
 
The sessile nature of plants render them susceptible to continuous attack from both 
abiotic (excessive or deficits in water, environment, temperature) and biotic stresses 
(organisms such as bacteria, fungi, viruses and insects). This poses a threat and is a 
limiting factor to crop yields. It has been estimated that there have been hundreds of 
billions of dollars in crop losses around the world due to the abiotic and biotic 
stresses Reddy et al. (2011). The former causes an impact on the growth of plants 
and is responsible for severe losses in the field; growth reductions can reach almost 
more than 50% in some plant species. Biotic stress, which is more the focal point in 
this study, also induces strong pressure on plants through damage due to pathogen 
attack (Rejeb et al., 2014). Many plant-associated microbes are pathogenic and 
affect a plant’s development, reproduction and ultimately production yield. The 
control of these pathogens is a major challenge in agriculture (Gonzalez-Lamothe, 
2009 and Schwessinger et al., 2015). 
 
Microbes gain access to the leaf tissue of a plant via natural openings such as the 
stomata, hydathodes, and even wounds on the leaf surface. Plants have evolved to 
develop a multi-layered surveillance system known as the innate immunity and which 
is activated when the initial barriers of infection are surpassed. These pre-formed 
defenses consist of both physical and chemical barriers (Underwood, 2012; Wu et 
al., 2013). An important part of the innate immune system is to recognise the 
microbial invasion by means of microbe/pathogen-associated molecular patterns 
(M/PAMPs), such as the lipopolysaccharides (LPS) in Gram-negative bacteria. LPS 
is a tripartite lipoglycan that has been shown to be perceived by Arabidopsis thaliana 
and elicit the plant’s immunity, inducing a myriad of plant defense responses (Gerber 
et al., 2004; Piater et al., 2004; Zeidler et al., 2004; Sanabria et al., 2012, Newman et 
al., 2013, Ranf et al., 2015).  
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LPS perception and signalling in both mammals and animals have been well 
documented (Triantafilou et al. 2002; Kutschera and Ranf, 2018). However, the 
same in plant systems have not yet been fully elucidated. A recent study identified a 
new receptor-like kinase (RLK), LORE (lipooligosaccharide-specific reduced 
elicitation), which belongs to a specific class of plant bulb-type (B-type) lectin S-
domain (SD)-1 kinases, and is able to detect the LPS of Pseudomonas species and 
Xanthomonas campestris pv. campestris (Xcc) thereby triggering the plants defense 
responses (Ranf et al., 2015). However, no ortholog could be identified in tobacco. 
This prompts further studies on the recognition process of LPS binding to A. thaliana 
plant systems. Furthermore, it still remains unclear as to which protein(s) including 
LORE, can directly bind to LPS. Thus, the identification of a receptor/receptor 
complex/interacting protein will enhance our understanding of the overall LPS 
recognition system (Lizasa et al., 2016). Gaining more insight and identifying the 
pattern recognition receptors responsible for recognizing the MAMPs of potential 
microbes that are responsible for the elicitation of plant immunity in host plants will 
enable an alternative molecular technology in dealing with phytopathogenic 
interference and pathogenic threats. These are aimed at potential priming strategies 
as a means of pathogenic control and overall improvement of plant health and 
disease resistance.   
 
It still remains debatable as to which of the moieties of LPS is responsible for the 
elicitation of an immune response in the host plant. LPS from both pathogenic strains 
wildtype Xcc 8004 and non-pathogenic Xcc mutant 8530, defective in its LPS core 
completion, show different responses in the elicitation of the hypersensitive response 
(HR), suggesting the role that the moieties play in eliciting an immune response 
(Newman et al., 2013).  
 
In this study various affinity strategies were employed in order to enrich LPS-
interacting proteins in the A. thaliana plasma membrane (PM). It is hoped that such 
identification will contribute to the knowledge of receptor/receptor complexes that 
may be involved in MAMP perception and downstream defense and signaling 
responses and furthermore the role that each of the LPS moieties play in plant: 
pathogen interactions and triggered defense responses. 
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1.1 Hypothesis of study  
 
It was hypothesized that the LPS chemotypes of Xcc Gram-negative bacteria will 
bind variably to plasma membranes proteins/receptors of A. thaliana, thereby leading 
to differential activation of the host plant’s defense system. As such, a proteomic 
approach will enable the identification of these responsive/receptor proteins. 
 
1.2 Aims and objectives of the study 
 
The aims of the study are to enrich, capture and identify LPS-interacting proteins 
from the A. thaliana PM following treatment with the two LPS chemotypes from both 
the Xcc wildtype 8004 and mutant 8530 strain in order to elucidate the LPS 
receptor/receptor complex, which leads to the initiation/activation of plant defense 
responses. The following objectives were performed in order to achieve the aim of 
this study:  
 
1. Culturing of the Xcc 8004 and Xcc 8530 bacterial strains. 
2. Isolation and characterization of the LPS chemotypes (Xcc 8004 and Xcc 
8530)  
3. Isolation and validation of the PM fraction from the A. thaliana leaf tissue 
following treatment with the two LPS chemotypes.  
4. Immobilization of the LPS on three different affinity matrices coupled to 
enrichment of interacting PM proteins from leaf tissue.  
5. Identification of non-enriched LPS-responsive proteins using gel-based 
analysis and enriched LPS-responsive proteins using chromatographic 
techniques coupled to mass spectrometry.  
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CHAPTER 2: LITERATURE REVIEW 
2.1 Plant immunity 
 
Plants are immobile organisms which makes them susceptible to unfavorable 
changes in the environment, and they are constantly exposed to both abiotic 
(drought, heat, etc.) and biotic (pathogens and parasites) stressors (Jones and 
Dangl, 2006; Conrath, 2009, Burrow and Halkier, 2017). These stressors cause 
limitations on the growth and development of plants. To overcome such, plants have 
evolved initial barriers of defense such as wax layers, cutin, lignified cell walls, and 
antimicrobial chemical compounds like phytoalexins and phytoanticipins (Gonzalez-
Lamothe, 2009; Schwessinger and Ronald, 2012). When these initial barriers of 
defense are overcome by stressors, plants, unlike mammals that possess a somatic 
adaptive immune system and mobile defender cells, rely on an innate immune 
system. Here, each cell uses components such as receptors for recognition of 
pathogens and systemic signals emanating from the infected sites (Jones and Dangl, 
2006, Ramirez-Prado et al., 2018). Plant innate immunity is a complex and multi-
layered defense system which is characterized by a large number of host defense 
proteins and is based on the recognition of non-self (Sanabria et al., 2010). The 
ability of a plant to detect a potentially pathogenic invader is critical to activate an 
effective response (Cunha et al., 2006). The plant immune system is broadly divided 
into two; a primary innate immunity which is the microbe- or pathogen-associated 
molecular pattern-triggered immunity (MTI/ PTI), which confers basal resistance and 
is the basic protection system in plants, and a secondary branch consisting of the 
effector-triggered immunity (ETI), which confers durable resistance and often leads 
to the hypersensitive response (HR), in Figure 2.1 below (Uchika and Tasaka, 2010; 
Muthamilarasan and Prasad, 2013).  
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Figure 2.1: Schematic representation of the two layers of plant innate immunity; primary innate 
immunity and secondary innate immunity (Henry et al., 2012). The microbe-associated molecular 
patterns (MAMPs), Damage-associated molecular patterns (DAMPs) and Avirulence (Avr) proteins 
are indicated.    
 
2.1.1 Pre-formed defenses 
 
Plants are constantly surrounded by a vast range of ever changing-environmental 
conditions and, due to them being sessile organisms, are continuously surrounded 
and in contact with a different variety of microorganisms and insects (Schwessinger 
et al., 2015). The relationships formed with some of these microorganisms can either 
be beneficial and mutualistic, thus stimulating growth and development. However, 
many plant-associated microbes are pathogenic and affect the plants’ development, 
reproduction and ultimately production yield. The control of these pathogens is a 
major challenge in agriculture (Gonzalez-Lamothe, 2009; Schwessinger et al., 2015). 
Plants have developed to offer initial obstacles to infection when encountered by 
invading pathogens by means of the first line of defense formally known as the pre-
formed defenses which consist largely of the physical and biochemical barriers to 
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infection. This defense is a major component of non-host resistance, which is that 
shown by an entire plant species to a specific parasite or pathogen, and is 
expressed by every plant towards the majority of potentially pathogenic microbes 
(Heath, 2000; Gimenez-Ibanez and Rathjen, 2010). The physical barriers include the 
waxy leaf cuticle, and the barrier that is provided by the plant cell walls which are 
composed of cellulose, leaf hairs, stomatal aperture and lenticels. These structures 
serve to enclose the natural openings of the plant in order to prevent microbes from 
entering through the stomata. The β-1, 3 glucan polymer, callose, is an abundant 
and ubiquitous component of the cell wall which is produced by callose synthase 
when the plant is under attack. Here, callose serves as a protective containment 
barrier to shield the plant cell from toxic metabolites by the hardened wall 
(Underwood, 2012; Wu et al., 2013). The chemical barriers include antimicrobial 
compounds comprising of phytoanticipins and phytoalexins; compounds that are 
toxic to invading microorganisms (Burrow and Halkier, 2017). Microbes that can 
penetrate and surpass the barriers of the first line of defense through natural 
openings and wounds can initiate the inducible defenses of the plant immune 
system.   
 
2.1.2 Induced defenses  
 
When the first line of defense is overcome by pathogens, a second line of innate 
inducible defense responses can be activated in plants through the recognition of 
‘non-self’ structures, which are defined as being biological molecules or organisms 
that the plant perceives to be different in origin (Sanabria et al., 2010). The 
pathogens are recognized by means of elicitors termed pathogen/microbe-
associated molecular patterns (P/MAMPs) via pattern recognition receptors (PRRs). 
These are conserved foreign microbial signatures (Sanabria et al., 2010; 
Schwessinger et al., 2015) and upon recognition, downstream signal initiation and 
transduction events are initiated, as indicated in Figure 2.2, that can activate or 
enhance the plant’s inducible defense responses (Bigeard et al., 2015). PAMPs are 
detected not only in pathogens but also in beneficial microbes, hence these will be 
preferentially referred to as MAMPs since both pathogenic and non-pathogenic 
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strains of microbes elicit immune responses, i.e. MTI (He et al., 2007; 
Vidhyasekaran, 2014). 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2: A schematic representation of the preformed and induced defense mechanisms, and 
subsequent defense responses of plant innate immunity. The preformed defenses are activated and 
contribute to resistance prior to pathogen attack, and induced mechanisms follow pathogenic invasion 
(taken from Fan and Doerner, 2010). Pattern-recognition receptor: PRR; Nucleotide binding- leucine-
rich repeat: NB-LRR. 
 
2.1.3 The stages of the innate immune response in plants 
 
Through evolution, plants have developed an intricate layered defense system which 
is the innate immune response to counterattack various stressors posed as threats. 
This has allowed plants to survive and develop over time.  The innate immune 
system of a plant consists of coupled responses namely MTI and ETI (Jones and 
Dangl, 2006; Sanabria et al., 2010). When the pathogen overcomes basal 
resistance, the plant’s secondary innate immunity is triggered and the interaction 
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between a pathogen and plant can be described by the Zig-Zag model proposed by 
Jones and Dangl, (2006) as illustrated in Figure 2.3.  
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3: An illustration of plant innate immunity through the Zig-Zag model explaining the 
interaction between a pathogen and plant where a defense response is triggered by the latter’s 
immunity (Jones and Dangl, 2006). Plants recognize pathogen-associated molecular patterns 
(PAMPs) through pattern recognition receptors (PRRs). This triggers the process of PAMP-triggered 
immunity (PTI). When a pathogen successfully deliver effectors, the plant becomes susceptible, which 
triggers effector-triggered susceptibility (ETS). Plants that recognize these effectors through 
Avirulence (Avr-R) proteins brings about effector-triggered immunity (ETI), which initiates a process 
called the hypersensitive response (HR).  
 
Figure 2.3 in essence illustrates the two branches of plant immunity. The binding 
and recognition of M/PAMPs by transmembrane PRRs induces a signal response 
known as M/PTI (Jones and Dangl, 2006). Well-adapted pathogens can overcome 
this, and disrupt the first line of defense by injecting effector proteins into the host 
plant cells, thus contributing to pathogen virulence suppression of M/PTI and giving 
rise to a response known as effector-triggered susceptibility (ETS). Intracellular 
immune receptors belonging to the nucleotide-binding leucine-rich repeat (NB-LRR) 
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protein family and encoded by R-genes of the host recognize these effector proteins. 
The activated NB-LRR proteins trigger stronger defense responses than PRRs, 
thereby leading to an accelerated immune response known as ETI (Uchika and 
Tasaka, 2010, Pritchard and Birch, 2011). This triggers R-gene mediated resistance 
which induces the HR, thus resulting in localized programmed cell death (Jones and 
Dangl, 2006; Van der Ent et al., 2009; Uchika and Tasaka, 2010). 
 
2.1.3.1 The perception/detection of microbes by plants  
 
Plants have evolved an important part of the innate immune system to recognize 
microbial invasion and result in effective defense responses to deal with pathogen 
attacks. The differentiation between ‘self’ and ‘non-self’ is a fundamental ability of the 
innate immune system. The first may be recognition of endogenous damage-
associated molecular patterns (DAMPs) which are released from the plant upon 
wounding or damage, in order to trigger or amplify plant defense responses 
(Vidhyasekaran, 2014). Additionally, the innate immune system of a plant can be 
initiated upon perception of MAMPs, as these evolutionarily conserved microbial 
signatures are often only present in microbes and not hosts (Jones and Dangl, 2006; 
Wu et al., 2013; Schwessinger et al., 2015). When a pathogen lands on a plant 
surface, the MAMPs are perceived through the cell surface resident PRRs residing in 
the plant cell plasma membrane. These are encoded by membrane-spanning 
receptor-like kinases (RLK) or receptor-like proteins (RLPs). The RLKs consists of a 
single pass transmembrane domain, an intracellular kinase domain and an 
extracellular domain. The RLPs consist of short intracellular domains and lack a 
kinase counterpart (Li et al., 2016). These PRRs, deliver the information received to 
downstream proteins which interpret signals, and initiate and induce defense 
responses (Vidhyasekaran, 2014; Wu et al., 2013). 
2.1.3.2 MAMP-triggered immunity (MTI)  
 
As mentioned, the first line of the plant immune defense is known as MTI and 
induced by MAMPs (Newman et al., 2013). These are essential molecular pattern 
structures which are needed by the microbes and are conserved by, and across, 
pathogenic organisms, non-pathogenic organisms and saprophytic bacteria 
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(Newman et al., 2013).  The various MAMPs are first perceived by a large family of 
transmembrane PRRs, protein receptors which are involved in plant immunity (Roux 
et al., 2011; Ramirez-Prado et al., 2018). The binding of microbe-derived elicitors 
activates the receptors and induces defense responses (Roux et al., 2011; Choi and 
Klessig, 2016). With regard to PRRs, RLKs and RLPs are further divided into sub-
families according to the extracellular domains. These consist of extracellular ligand 
binding domains which are comprised of the leucine-rich repeats (LRR), lysin motif 
(LysM), lectin and epidermal growth factor-like domains (Li et al., 2016). The lectin 
RLKs are further divided into three classes viz. G-type lectin RLKs, which are known 
as the S-domain RLKs, C-type (calcium-dependent) RLKs and L-type RLKs (Singh 
and Zimmerli, 2013). In Arabidopsis 610 RLKs and 56 RLPs have been identified, 
however, not all of these have been characterized (Bittel and Robatzek, 2007; 
Newman et al., 2013). It has been shown that a large number of genes which 
encode the RLKs and RLPs are induced and up-regulated when treated with 
MAMPs, suggesting a role in defense (Bittel and Robaztek, 2007). The RLKs 
perceive various signals from both distal cells responding to stress or to the 
presence of nearby pathogens through the detection of ‘non-self’ molecules. The 
RLKs have also been found to lead to the activation of several mitogen-activated 
protein kinases (MAPK) once elicited (Greeff et al., 2012). 
  
The number of identified bacterial MAMPs that are recognized is increasing 
constantly, however, very few plant PRRs and PRR-ligand pairs have been 
elucidated (Nicaise et al., 2009; Li et al., 2016). The identified MAMPS and their 
relevant receptors have been identified in Table 2.4 The MAMPs include bacterial 
flagellin, where the Arabidopsis Flagellin Sensitive 2 (FLS2) is the PRR for flg22, a 
conserved 22 amino acid epitope which is responsible for recognition specificity and 
was identified as the first PRR-ligand pair. It has also been determined that the HR is 
induced by flg22 (Nicaise et al., 2009; Li et al., 2016). FLS2 forms heterodimers with 
the BRI1-associated kinase 1 (BAK1) in the presence of flg22. This increases the 
phosphorylation of both components of the receptor complex. BAK1 consists of 
LRRs and is a member of the somatic embryogenesis receptor kinase (SERK). The 
discovery of BAK1 has become useful for the identification of receptors for protein 
ligands. It has been shown to act as a positive regulator of the brassinosteroid 
insensitive (BRI1) pathway, to increase the kinase activity of the downstream 
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signaling outputs. BAK1 is required for defenses triggered by many pathogens (Roux 
et al., 2011; Tang et al., 2017), and it is thought to play a role in MAMP signaling and 
resistance to bio-trophic pathogens (Roux et al., 2011; Greeff et al., 2012). A recent 
finding of a new receptor named flagellin sensing 3 (FLS3) has been determined in 
tomato plants to recognize the flgII-28 epitope. Once bound to the receptor, it 
activates and enhances the immune capacity and resistance to a bacterial pathogen. 
Furthermore, has been shown by the authors that the immune responses lead to a 
reduction of bacterial colonization of leaf tissue (Hind et al., 2016).  Elongation factor 
(EF-Tu) is known to be a bacterial protein and potent MAMP in Arabidopsis. The 
receptor of EF-Tu is the LRR-RLK EF-Tu Receptor (EFR), and is a conserved 
synthetic peptide corresponding to the N-acetylation and recognizing the first 18 
amino acids of EF-Tu (Nicaise et al., 2009; Greeff et al., 2012; Li et al., 2016). EFR 
and the FLS2 have both been identified in Arabidopsis RLK subfamily XII (Bittel and 
Robatzek, 2007). The harpin oomycete-derived Pep-13, β-glucans (Fawke et al., 
2015) and NEP1-like proteins (NLPs) are other MAMPs which have been 
determined. Studies conducted by Ranf et al. (2015) have recently determined a new 
receptor; bulb-type (B-type) lectin S-domain (SD)-1 RLK LORE (‘lipooligosaccharide-
specific reduced elicitation’). The study indicates that A. thaliana was able to 
sense/detect the lipopolysaccharides (LPS) from Pseudomonas and Xanthomonas 
campestris species, but no homolog could be found in solanaceous tobacco (Ranf et 
al., 2015 and Ranf, 2016). 
 
The accumulation of PRRs is affected by endocytosis, clathrin-dependent 
endocytosis and sub-cellular compartmentalization. An example is the flg22 and 
FLS2 internalization and degradation in Arabidopsis (Tang et al., 2017). 
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Table 2.4: Table indicating the various types of PRRs and their respective MAMPs as adapted from 
Saijo et al., 2018. 
 
Receptor Type MAMPs Plant Reference 
Flagellin 
sensing 
2(FLS2) 
LRR-RLK Flagellin (flg 22) Higher Plants Bittel and Robtazek, 
2007;Nicaise et al., 
2009; Li et al., 2016; 
Tang et al., 2017 
Flagellin 
sensing 
3(FLS3) 
LRR-RLK Flagellin (28) S.pimpinellifolium Hind et al., 2016 
Elongation 
factor receptor 
(EFR) 
LRR-RLK EF-Tu (elf 18) A. thaliana Zipfel et al., 2006; 
Greef et al 2012 
CORE LRR-RLK Cold shock protein 
(csp22) 
S.lycoperisum Wang et al., 2016 
Xa21 LRR-RLK raxX (RaxX21) O.sativa  Pruitt et al., 2015 
XPS 1 LRR-RLK Permease (xup25) A. thaliana Mott et al, 2016 
LORE LEC-RLK lipopolysaccharide A. thaliana Ranf et al., 2015 
EPR3 LysM-RLK Extracellular 
polysaccharides 
L. japonicus Marczak et al., 2017 
ReMAX/RLP1 LRR-RLP eMAX A. thaliana Jehle et al., 2013 
RLP23 LRR-RLP Nep1-like protein A. thaliana Raaymakers and 
Van den 
Ackerveken, 2016 
LYM1/LYM3 LysM-RLP Peptidoglycan A. thaliana  Willmann et al., 
2011 
CSPR LRR-RLP Cold shock protein 
(csp22) 
N. benthamiana Saur et al., 2016 
 
Abbreviations: S. pimpinellifolium (Solanum pimpinellifolium), CORE (cold shock 
protein receptor), XPS 1(xanthine/uracil pemease), LEC (lectin), ReMAX (receptor of 
MAMP eMAX), eMAX, novel MAMP from Xanthomonas species, CSPR (Cold shock 
protein receptor).   
 
2.1.3.3 Effector-triggered immunity (ETI) 
 
 
Gram-negative pathogens that cause plant disease can evade, overcome or 
suppress the first line of innate immunity; they do so by an evolved virulence 
mechanism. This involves the pathogenic bacteria injecting effector proteins directly 
into the cytoplasm of a host plant by use of a molecular “syringe” known as the type-
3 secretion system (T3SS) (Macho and Zipfel, 2015; Schreiber et al., 2016). The 
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effectors are known to promote pathogenicity and this type of system is important for 
multiplicity of the bacterial pathogens and the disease symptoms that the host plants 
are faced with. The effectors disrupt the plant’s physiology by suppressing MTI, 
thereby allowing the successful growth of the pathogen (Wu et al., 2014). 
 
Once injected into the cell, the effectors are subsequently recognized by the host 
plant’s disease resistance (R) proteins, and activates the second layer of defense, 
ETI, which is associated with a form of programmed cell death (Nomura et al., 2011; 
Macho and Zipfel, 2015). The detection of effectors by R proteins and genetic 
association event describing the recognition within a plant cell has been described 
as the gene-for-gene resistance (Maiti et al., 2014). This event is characterized by 
the following: when there is a cognate R : effector association, resistance is induced 
and activated, resulting in signaling of defense responses and host resistance which 
is localized cell death at the site of the infection as well as inhibition of the pathogen 
growth in the rest of the host. When there is an absence of the R: effector 
association, the pathogen is able to evade detection by the host and results in 
pathogen multiplication as well as disease overcoming the host (Maiti et al., 2014). 
The resistance genes (R) can be characterized by their structural motifs into four 
major classes of R proteins based on domain organization centred around the NB-
LRR class of proteins. The four classes can, in turn, be broadly grouped into two 
intracellular and two extracellular protein families (Demissie, 2017). The parallel in 
mammalian immunity are the NOD-like receptors (NLRs) (Schreiber et al., 2016). 
The two broad groups are classified as proteins that have a fused N-terminal 
Toll/Interleukin-1 receptor (TIR) domain, a central NB and a C-terminal LRR. The 
second class of R-proteins have a  coiled-coil (CC) domain instead of a TIR domain 
in the N-terminus, as illustrated in Figure 2.4, coding for two large classes of plant 
NLRs proteins (Demissie, 2017). These influence the components needed for 
downstream defense signaling and response which includes MAPK signaling 
through phosphorylation (Schreiber et al., 2016). The effectors which are encoded by 
Avr genes are recognized by the NB-LRR class of R protein receptors directly and 
this mounts an immune response, namely ETI and R-gene mediated resistance 
(Maiti et al., 2014). 
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Figure 2.4: The structure of the R proteins in relation to the PRRs (LRR). The R protein classes 
categorized in domain organization, and includes the nucleotide binding leucine-rich repeat (NB-LRR) 
having an amino-terminal coiled-coil (CC) domain or a toll-like interleukin receptor (TIR) domain. Xa21 
and Cf-X proteins are examples of proteins that have a trans-membrane domain and LRRs. The 
RPW8 gene product has an amino terminal CC domain and the N terminus. The Pto gene of tomato 
consists of a serine/threonine kinase domain without an eLRR. The Rpg1 from barely contains two 
kinase domains without an LRR. The Ve2 proteins contain eLRR with a PEST domain which has 
been implicated in protein degradation for receptor mediated endocytosis (taken from Maiti et al., 
2014). 
2.1.4 Cellular and physiological responses associated with plant 
defense  
 
Perception of a pathogen is due to the MAMPs, after which the plant responds in a 
rapid manner to activate defense mechanisms which will lead to the activation of 
complex signaling cascades of defense varying from one pathogen to another 
(Heath, 2000; Rejeb et al., 2014). Following exposure to either abiotic or biotic 
stress, specific ion channels and kinase cascades are activated (Pitzschke et al., 
2009), triggering reactive oxygen species (ROS) generation as well as synthesis of 
phytohormones such as abscisic acid (ABA), salicylic acid (SA) and jasmonic acid 
(JA) that accumulate within the plant cells in order to minimize the damage caused 
by the stress (Sharma et al., 2012; Rejeb et al., 2014). The cellular events and 
processes in response to stress are illustrated in Figure 2.5.  
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Figure 2.5: The cellular events and signaling cascades that are induced by both abiotic and biotic 
stress. Many downstream signaling processes occur, were the reactive oxygen species (ROS) and 
calcium (Ca
2+
) play a role as the initiators or transducers. Mitogen-activated protein kinases (MAPK) 
are also shown downstream as a signal/defense response once elicitors are sensed. The plant 
signaling hormones salicylic acid (SA) and jasmonate/ethylene (JA/ET) are important during stress 
adaptation to biotic stress, while abscisic acid (ABA) has been shown to be induced in response to 
abiotic stress (taken from Rejeb et al., 2014). 
 
Figure 2.5 describes the cellular and physiological events which are induced and 
activated following both abiotic and biotic stress encountered by the plant defense 
system. ROS and Ca2+ are known among many others to play an important role as 
transducers or second messengers. The former, such as the superoxide anion and 
hydrogen peroxide, is produced as a normal product of plant cellular metabolism. 
Environmental stresses (both biotic and abiotic) lead to enhanced generation of 
ROS, causing production of the oxidative burst in the plant and ultimately activating 
programmed cell death which is the most meaningful outcome to plant defense 
(Sharma et al., 2012; Rejeb et al., 2014). Calcium plays a crucial role in stress 
signaling, and is an important messenger in eliciting responses to diverse signals 
including many biotic and abiotic signals (Reddy et al., 2011). Furthermore, in plants 
MAPK pathways are involved in the regulation of development, growth, and 
programmed cell death, and in response to biotic and abiotic attack. MAPK also 
serves as a signaling cascade which is an essential step in the establishment of 
resistance against pathogens. Since MTI is the initial line of defense induced due to 
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MAMP elicitors, it requires signal transduction from the above-mentioned receptors 
to further downstream components which is achieved via the MAPK signaling 
cascade. Furthermore, it has been shown that many of the known MAMPs activate 
MAPKs (Pitzschike et al., 2009; Rejeb et al., 2014).  
 
2.1.5 Induced resistance 
 
Plants have the ability to induce certain defense reactions such as an induced state 
of resistance to a wide range of pathogens as a result of prior exposure, or to the 
trigger of various chemical inducers, physical stress and biological inducers which 
induces a state of resistance (Pieterse et al., 2014). The illustration in Figure 2.6 
depicts an example of the factors that enable the plant to develop induced 
resistance. 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6: A schematic representation of induced resistance (IR). The triggers of IR are the 
pathogen infections on the leaves indicated by the red arrows, insect herbivory, indicated by the blue 
arrows, and the colonization of the roots by beneficial microbes, indicated by the purple arrows.  Due 
to the enhanced defensive capacity of the IR, the secondary infection causes less damage to the 
plant as the primary infection (taken from Pieterse et al., 2014).   
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Induced resistance is defined as an enhancement of the plant’s defensive capacity 
against a broad spectrum of pathogens acquired after appropriate stimuli, thereby 
triggering a defensive state which can lead to acquired resistance in the case of 
biotic stresses or to acclimation for abiotic stresses (Ramamoorthy et al., 2001; 
Slaughter et al., 2012). This indicates that plant defenses are preconditioned by 
previous infection or treatment, resulting in a more accurate and rapid response 
against attack by a pathogen as opposed to unexposed plant defenses (Gamir et al., 
2014). In the state of induced resistance the non-exposed parts of the plants that are 
not infected are protected against future pathogenic attack (Pieterse et al., 2014). If 
the induced resistance is expressed locally at the site of the infection, a local 
acquired resistance (LAR) is activated. When expressed not only locally at the site of 
the induction but acts systemically at sites remotely distant from the site of primary 
attack, it is termed induced systemic resistance (ISR) (Pieterse et al., 2014). This 
form of induced resistance is referred to as systemic acquired resistance (SAR). The 
local and systemic resistance is illustrated in Figure 2.7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.7: A schematic representation of local and systemic resistance as induced by pathogens 
and beneficial microbes. The long colored arrows indicate the systemic signals from the points of 
induction (local) to the distal parts of infection (systemic). Taken and adapted from Pieterse et al., 
(2014). 
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Figure 2.7 illustrates that ISR develops as a result of colonization of plant roots by 
rhizobacteria, and is mediated by JA and ET-sensitive pathways (Pieterse et al., 
2009; Walters et al., 2013, Pieterse et al., 2014). When Arabidopsis mutants were 
impaired in JA or ET signaling, it showed that these phytohormones play a central 
role in the regulation of the rhizobacteria-mediated ISR (Pieterse et al., 2014). 
Induction of resistance can lead to direct activation of defenses but can also result in 
the priming of cells, and subsequently in stronger elicitation of those defenses or 
other defenses following pathogen attack (Walters et al., 2013).  
 
2.1.5.1 Systemic acquired resistance (SAR)  
 
SAR of a plant is a phenomenon of induced defense. The signal transduction of a 
plant’s innate immune system plays a vital role in the ability to defend itself when 
attacked by pathogens (Fu and Dong, 2013). SAR is broad spectrum and has no 
specificity to the initial infection (Fu and Dong, 2013).  When a pathogen triggers the 
onset of MTI or ETI, an induced resistance is in parts remote and distal from the 
location of the initial infection, which leads to the production of systemically 
translocated signals which enhance the defensive capacity in undamaged plant parts 
(Pieterse et al., 2014) as illustrated in Figure 2.7. At the site of infection by 
pathogens there are a number of signaling metabolites that are activators of the SAR 
process and include SA, methyl SA (MeSA), pipecolic acid (Pip), dehydroabietinal, 
glycerol-3-phosphate (G3P), azelaic acid (Aza) and methyl jasmonic acid (MeJA) 
(Figure 2.7). These signaling activators then lead to the synthesis of PR genes in 
the uninfected remote parts of the plants (Fu and Dong, 2013, Pieterse et al., 2014). 
Initially the plant hormone SA was identified and it was found that accumulation 
thereof was associated with the SAR response. Studies conducted on SA have 
shown that pre-treatment with this phytohormone potentiated elicitor-induced H2O2 
generation and expression of the defense-related genes (Reimer-Michalski and 
Conrath 2016). A lysine catabolite, Pip, was recently discovered to be an important 
metabolite for SAR. As such, both SA and Pip were shown to induce defense-related 
genes whilst activating SAR (Reimer-Michalski and Conrath, 2016). The initiation of 
the SAR signal in distal parts of the plant are facilitated by a chaperone of the signal, 
known as  Defective in induced resistance1 (DIR1) (Champigny et al., 2011; Pieterse 
et al., 2014).The FMO1 or flavin-dependent monooxygenase 1 has been speculated 
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to amplify the signals from the leaves of the primary infection (Figure 2.7). The 
redox-regulated protein Nonexpressor of PR genes (NPR1) controls the signaling of 
SAR downstream from SA (Pieterse et al., 2014). SAR has been shown to be 
induced upon MAMP recognition such as LPS, which can then induce responses 
such as the HR (Sanabria et al., 2010).  
 
2.2 Lipopolysaccharides (LPSs) as a MAMP elicitor  
 
The current models on innate immunity postulate that MAMPs are recognized by 
Toll-like receptors in animals and RLKs in plant systems. Subsequently, signaling 
pathways are activated that ultimately lead to a state of induced resistance 
contributing to defense (Sanabria and Dubery, 2006).  
 
One such a MAMP is lipopolysaccharide (LPS), which is a unique glycoconjugate 
molecule that belongs to a class of Gram-negative microbe-derived molecules. LPS 
is a lipoglycan, (termed ‘endotoxin’ in mammalian systems), and major component of 
the outer monolayer of the membrane of Gram-negative bacteria. LPS provides a 
certain degree of permeability to the outer membrane, specifically to negatively 
charged or hydrophobic molecules, and contributes to the structural properties of the 
bacterial cell wall and stabilizes it. The chemical composition of LPS varies widely 
between and within the different Gram-negative bacterial species. Figure 2.8 
displays the structural components of LPS which comprises of amphiphilic 
macromolecules that are composed of i) a hydrophilic heteropolysaccharide which 
consists of the core oligosaccharide divided into an inner and outer core, and ii) a O-
specific polysaccharide or O-chain covalently linked to iii) a lipophilic moiety termed 
as lipid A which acts to anchor these macromolecules to the outer membrane (Meyer 
et al., 2001; Madala et al., 2011, Ranf et al., 2015). When all three moieties are 
present, the LPS is known as the smooth type LPS, derived from the smooth 
appearance of the LPS colonies on an agar plate. LPS that does not possess the O-
chain polysaccharide are described as rough LPS or lipooligosaccharides (LOS) 
(Silipo et al., 2005, De Castro et al., 2005 and Reyes et al., 2012).  
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Figure 2.8: A schematic representation of the components of the lipopolysaccharide (LPS) from 
Gram-negative bacteria showing the differences in the smooth and rough types (taken from Reyes et 
al., 2012). A unique molecule, 2-keto-3-deoxy-octonate (Kdo), has been found in strains of Gram-
negative bacterial species within the inner core of the core oligosaccharides. 
 
2.2.1 The components/moieties of LPS 
  
2.2.1.1 The hydrophilic heteropolysaccharide O-chain  
 
This moiety is a polysaccharide projected from the core towards the exterior of the 
bacterial surface and is exposed to the surrounding medium. It is hydrophilic and the 
immunodominant domain of the molecule as well as being the largest part of LPS. 
The O-chain varies in length where the repeating O-unit consists of a short or a long 
oligosaccharide and sometimes just a single sugar. The sugars are synthesized by 
glycosyltransferases and can vary from one repeat unit to several hundred sugars 
(Reyes et al., 2012; King et al., 2014). The O-chain contributes to the variation in the 
outer membrane of the Gram-negative bacteria (Reyes et al., 2012). Furthermore, 
the variations in the sugar content of the O-chain contributes to the different 
antigenic types between the species and within the strains of Gram-negative 
bacteria, as well as  the smoothness of the LPS and confers the immunological 
specificity (Lerouge and Vanderleyden, 2001). LPS is termed rough or smooth based 
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on the presence of the O-chain within the molecule as illustrated in Figure 2.8. LPS 
that does not possess the O-chain is termed as rough LPS or lipooligosaccharides, 
and this makes the lipoglycan more hydrophobic, whilst Gram-negative bacteria with 
smooth LPS possess a full length O-chain (Silipo et al., 2005; Reyes et al., 2012).  
 
2.2.1.2 The core oligosaccharide  
 
This is the domain that connects the lipid A to the O-chain. It consists of both an 
outer core which is bound to the O-chain, and is made up of the common sugars 
such as hexoses and the hexosamines, D-glucose and D-galactose. The inner core 
which is joined to the lipid A is made up of unusual monosaccharides such as 2-keto-
3-deoxy-octonate (Kdo) and L-glycero-D-mannoheptose (Reyes et al., 2012). Kdo is 
the most conserved component in this region, whereas the outer core is more 
variable depending on the strain (Reyes et al., 2012). Furthermore, Kdo is a unique 
molecule, found in LPS, and often used as an indicator of LPS in assays.  
 
2.2.1.3 The lipid A moiety  
 
The lipid A domain is anchored to the membrane, and the hydrophobic and 
endotoxic portions of the structure (Reyes et al., 2012) are indicated in Figure 2.9. 
This moiety is built from two glucosamine molecules to which fatty acids are bound 
either as esters or amides, also termed acyl chains. This enables the LPS to bind to 
and integrate with the membranes of Gram-negative bacteria.  The number and 
length of the fatty acids may vary. It has been suggested that lipid A is partially the 
inducing part of LPS, because of its conserved nature amongst Gram-negative 
bacteria, and it is also the bioactive component which is responsible for some of the 
pathophysiology associated with infections in both animals and plants (Lerouge and 
Vanderlayden, 2001).              
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Figure 2.9: An illustration of the outer layer of a Gram-negative bacterium, showing that lipid A is 
anchored to the membrane as well as to the hydrophobic sections of the membrane. This moiety is 
also attached to the inner core of the core oligosaccharides (taken from Lerouge and Vanderlayden, 
2001). 
 
2.2.2 LPS perception in mammals 
 
The recognition and the downstream signaling effects of LPS on mammalian cells 
have been well documented and much is known about it (Triantafilou et al, 2002; 
Zeidler et al., 2004). The recognition of MAMPs is shown to be mediated by LRR 
‘Toll’ proteins in Drosophilla. LPS has also been shown to activate the synthesis of 
antimicrobial peptides in Drosophilla and the production of immune-regulator, 
inflammatory and cytotoxic molecules in humans (Gerber et al., 2004; Giangrande et 
al., 2013).  
 
The LPS-mediated activation of mammalian cells involves the interaction of LPS with 
two effector molecules, which are the LPS-binding protein (LBP) in the serum for 
lipid transfer and a glycoprotein CD14 (Pieterse et al., 2014; Kutschera and Ranf, 
2018). Figure 2.10 illustrates the perception and innate immune response of 
mammalian cells in response to LPS.  
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Figure 2.10: An illustration of the innate immune response and perception of LPS by mammalian 
cells. Abbreviations: LPS binding proteins (LBP), Toll-like receptor 4 (TLR4), cluster of differentiation 
14 (CD14), myeloid differentiation protein 2 (MD2), outer membrane vesicle (OMV) and membrane 
proteins (BAI1, CFTR) (taken from Kutschera and Ranf, 2018). 
 
Evidence suggests that LPS must interact with transmembrane receptors that are 
responsible for the signal transduction that occurs. The human toll-like receptor 
(TLR) family has been found to play a role in LPS recognition, and is located on the 
cell surface. The TLRs are receptors that are expressed in innate immune cells by 
mononuclear phagocytes which results in activation and is characterized by the 
secretion of pro-inflammatory cytokines (Pieterse et al., 2014, Ranf et al., 2016). LPS 
is capable of binding to TLR4, where MAMPs are recognized via extracellular 
leucine-rich repeat domains, resulting in transduction of ligand-specific signal 
perception and initiation of an intracellular signaling cascade and activation of innate 
immune response (Gerber et al., 2004; Giangrande et al., 2013; Ranf et al., 2015).  
 
LPS forms complexes with the LBP, and the LPS-LBP complex is recognized by the 
membrane bound CD14 receptor, glycosylphosphatidyl inositol, which is anchored 
on the surface of mammalian cells. This, in turn, is thought to associate with TLR4-
myeloid differentiation protein 2 (MD2) to participate in LPS induced signaling (Tan 
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et al., 2015; Ranf, 2016). The lipid A moiety is the effector which is required to 
activate the TLR4 signaling pathway with a soluble co-receptor protein MD2, and this 
directly and physically binds to the LPS. The complex of proteins then activates two 
intracellular pathways; the MyD88-dependent pathway and MAPK activation, 
resulting in an induction of pro-inflammatory cytokines, and others such as 
superoxide anion, hydroxyl radicals and nitric oxide (Giangrande et al., 2013).  
 
In mammals all of the LPS domains/moieties contribute to the sensing/recognition of 
the lipoglycan. Here, the O-polysaccharides trigger antibody production in the 
adaptive immune system. Furthermore, the lipid A domain is recognized in picomolar 
concentrations by the innate immune system through extra- and intracellular LPS 
sensors, and induces inflammation (Kutschera and Ranf, 2018). 
 
2.2.3 LPS perception in plants      
 
Plant systems are able to elicit immune responses toward attack by 
pathogens/microbes (the MAMP component), via the ability to recognize these 
through PRRs, which subsequently induce a set of signaling and defense responses 
known as MTI. LPS cannot diffuse through the plant’s plasma membrane due to its 
molecular nature, and this therefore suggests that it could probably be perceived by 
plant cell receptors and internalized by receptor-mediated endocytosis (Kutschera 
and Ranf, 2018). Evidence proposes that the plant PRRs known to date reside on 
the cell surface, and most are RLKs and RLPs as previously mentioned (Ranf, 
2016). LPS is found to trigger a rapid influx of calcium ions into the cytoplasm as well 
as the production of ROS and nitrogen species (Gerber et al., 2004; Zeidler et al., 
2004). Many of the RLPs have been implicated in the roles of defense, exemplified 
by the Cladosporium fulvum (Cf) genes of tomato and RPP27 of Arabidopsis thaliana 
(Ranf, 2016). It has been shown that LPS from various sources of Gram-negative 
bacteria could trigger a defense response in pepper without triggering an oxidative 
burst (Newman et al., 2002; Zeidler et al., 2004). Meyer et al., (2001) showed that 
LPS from X. campestris induces an oxidative burst in tobacco cells, while LPS 
isolated from Burkholderia cepacia was found to trigger a rapid influx of calcium ions 
into the cytoplasm (Gerber et al., 2004; Zeidler et al., 2004). Sanabria et al. (2012) 
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demonstrated the role of a S-domain RLKs in Nicotiana tabacum when induced with 
LPS from B. cepacia, with expression in the up-regulation of the Nt-Sd-RLK (N. 
tabacum S-domain-receptor-like kinase). Studies on the LPS (from various sources 
of Gram-negative bacteria) interaction with plants indicate that this MAMP does 
induce specific changes in the gene-induced expression of defense and resistance-
related responses, and suggests that LPS perception by plants brings about an 
important signaling and response system in plant-pathogen interactions (Gerber et 
al., 2004; Zeidler et al., 2004). It has also been reported by Piater et al. (2004) that 
the treatment of N. tabacum with the LPS of B. cepacia resulted in transient 
phosphorylation of an extracellular signal regulated (ERK)-like mitogen-activated 
protein (MAP)-kinase as a signal transduction of the defense related proteins.  
 
Plant species may have more than one perception system for LPS, and the lipid A 
part, as well as intact LPS, is said to be effective in inducing defense. Synthetic 
oligorhamnans, similar to components of certain O-polysaccharide chains in LPS, 
can also trigger defense responses in A. thaliana (Silipo et al., 2010; Madala et al., 
2011). B. cepacia lipid A and O-polysaccharide moieties of LPS showed an up-
regulation of sub-sets of defense genes as found with that of the intact LPS (Madala 
et al., 2012). The lipooliogosaccharide (LOS) from X. campestris has also been 
shown to induce defense related PR1 and PR2 genes in the leaves of Arabidopsis in 
two temporal states/ phases. The core oligosaccharide has shown gene induction in 
the early phases, whilst the lipid A has shown induction only in the later phases. 
Thus, although both moieties induce defense gene expression, they may possibly be 
recognized by different plant receptors (Silipo et al., 2010; Proietti et al., 2014). 
 
Plant perception and sensing studies on LPS elicitation have not been as well 
documented as with mammalian cells. A recent study identified a new RLK, LORE 
(lipooligosaccharide-specific reduced elicitation), which belongs to a specific class of 
plant bulb-type (B-type) lectin S-domain (SD)-1 kinases, to sensitively detect the LPS 
of Pseudomonas species and X. campestris, thereby triggering responses in the 
form of MTI as indicated in Figure 2.11. Kutscera et al. (2019) has also suggested 
that LORE is the receptor of the 3-hydroxydecanoyl chain, 3-OH-C10 and that the 3-
hydroxy-fatty acid metabolite elicits LORE-dependent immunity. The study by Ranf 
et al. (2015) reported no orthologs for the Solanaceous tobacco, however, when 
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LORE was expressed transiently in LPS-sensitive tobacco plants, sensitivity was 
conferred. Similar to the A. thaliana LORE, OsCERK1 is a key component of rice 
required for immune sensing of LPS.   
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 2.11: An illustration of the RLK LORE receptor found in the Arabidopsis plant system and rice 
which is able to perceive and sense LPS from Gram-negative bacteria. The exact binding mechanism 
is yet to be determined as well as how the receptor complex and downstream signaling is activated 
(taken from Kutschera and Ranf, 2018).     
 
It was also determined that LPS from Escherichia coli, Salmonella enterica and B. 
cepacia did not activate the typical MTI response in A. thaliana as LORE did not 
detect these species (Ranf et al., 2015; Zipfel, 2015). Further studies on the 
recognition process are thus required. These studies should include determining 
receptor complexes and LPS-binding proteins/LPS-interacting proteins.  The exact 
mechanisms of downstream signaling are yet to be determined which could lead to a 
better understanding of plant disease resistance. Furthermore it remains unknown 
how and whether the OMVs get through the plant cell wall matrix to reach the PM 
still remains. The function and the cooperation of the individual components of the 
Bacterial MAMP 
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LPS in the immune sensing pathways still need to be resolved (Kutschera and Ranf, 
2018).  
 
The binding of other molecules to LPS in plants remained largely unknown until it 
was recently determined by Lizasa et al. (2016). The authors have found that the 
Arabidopsis genome houses two genes which both encode proteins of the LPS 
binding protein family and resembling those well documented in mammals; namely 
the LBP and the bactericidal/ permeability-increasing protein (BPI). The identified 
genes were termed AtLBP/BPI related-1 (AtLBR-1) and AtLBP/BPI related-2 (AtLBR-
2). It was further determined that the AtLBRs bind to both rough and smooth LPS. In 
this regard the authors used binding studies in which they showed that the N-
terminal domains of the AtLBRs were co-purified with the cell wall derived LPS from 
E. coli and so confirmed direct binding. When AtLBR mutants were used there was a 
delay in the induction of the defense related PR1 gene and also ROS was not fully 
initiated (Lizasa et al., 2016). 
 
2.2.4 Xanthomonas campestris pv. campestris (Xcc) LPS    
chemotypes  
 
Xcc are Gram-negative plant pathogenic bacteria from the genus of Xanthomonas, 
and members of this genus cause a variety of diseases in economically important 
crops world-wide by infecting approximately 124 monocotyledons and 268 
dicotyledonous plants. It is proposed that the bacteria appear as epiphytes on the 
surfaces of plants and then enter via the natural openings and wounds (Buttner and 
Bonas, 2009). Xcc is genetically differentiated into over 141 pathovars, each having 
a specific host range. Xcc is a major pathogen of the vascular tissues of cruciferous 
plants which is mainly the Brassicaceae and includes broccoli, cabbage, cauliflower, 
radish, and the model plant A. thaliana. This organism invades, multiplies and results 
in the characteristic black rot disease (Qian et al., 2005). The disease has occurred 
world-wide and, especially in the developing regions such as Africa and Asia, high 
temperatures and humid conditions contribute to the epidemic of black rot disease. 
In Xcc the synthesis of the LPS arises from the wxc gene cluster that comprises of 
15 genes. Mutations in the LPS gene clusters make the Xcc bacteria more 
susceptible to harsh environmental conditions which may lead to attenuation of the 
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bacterial virulence (Buttner and Bonas, 2009). It has been shown that LPS from Xcc 
bacteria can elicit defense responses in the model plant A. thaliana (Silipo et al., 
2005, 2008).  
 
The pathogenicity locus of Xcc bacteria consists of two genes, rfax and rfay, which 
are both involved in the biosynthesis of the core component of LPS (Dow et al., 
1995). It has been shown by these authors that the behavior of the LPS from rfax 
and the rfay mutant strains in the leaves of host plants suggests that the LPS plays 
an important role in the barrier function against plant antibacterial agents whilst in the 
early stages of the infection. 
 
Bacterial mutants have been used to study the role of LPS in a number of plant 
diseases due to the bacterial mutants being defective in LPS biosynthesis, and the 
mutants have been found to show reduced virulence (Newman et al., 2000). Xcc 
8004 is a wildtype bacterial strain with an intact lipopolysaccharide comprising of an 
O-chain, lipid A and core oligosaccharides.  Xcc 8530, on the other hand, is a mutant 
strain of the wildtype (8004) (Figure 2.12), and is a Tn5 mutant derived by the 
marker exchange of the Tn5 insertion 29 in the plasmid pIJ 3122 in a rafx gene of 
which the function remains unknown (Dow et al., 1995; Silipo et al., 2008). This 
mutant strain is defective in the completion of its LPS core, having a truncated core 
oligosaccharide with no O-chain. There is also a chemical modification in the lipid A 
region and such alterations leave the core inactive (Silipo et al., 2008). The latter 
authors reported on the chemical modifications of mutant strain 8530; it has a deep-
rough LOS in which the core region of the mutant is truncated to only contain one 
single Kdo residue and to which a galacturonyl phosphate is attached. The lipid A 
moiety of the LOS shows alteration in the degree of acylation and also substitution of 
the polar heads with phosphoethanolamine groups instead of phosphates (Silipo et 
al., 2008).  
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Figure 2.12: A structural illustration of the mutated LPS from strain Xcc 8530 (taken from Silipo et al., 
2008). 
 
The HR is one of the many plant-related defense responses which are elicited in a 
plant when in contact with LPS from Gram-negative bacteria (Silipo et al., 2008). The 
HR is a localized necrosis as a result of programmed cell death at the site of the 
infection which is triggered by the individual effector proteins that are translocated by 
the type III secretion system (T3S) and are recognized in the resistant plants that 
possess the resistance gene (R) (Jones and Dangl, 2006; Buttner and Bonas 2009). 
The Xcc 8004 wildtype strain has been shown to prevent the HR in the Arabidopsis 
plant system, whilst the 8530 mutant strain has been shown to not prevent the HR 
(Silipo et al., 2008). Other studies have shown that when A. thaliana leaves were 
pre-treated with LPS from Pseudomonas syringae (Pst), the HR was prevented, a 
phenomenon referred to as localized induced response (LIR) (Newman et al., 2013). 
However, the exact mechanism behind the prevention of the HR still remains 
unknown.  
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2.3 Plasma membrane (PM) proteome and approaches  
 
2.3.1 The PM proteome in plant immunity and recognition 
 
The plasma membrane (PM) is an organized system that is a semi-permeable 
cellular membrane of the plant that separates the intracellular and extracellular 
environments. The PM controls many primary cellular functions including the 
exchange of compounds such as metabolites, nutrients and metal ions, and cell 
differentiation and proliferation, all of which involve a large number of proteins. The 
proteins of the PM also play a major role in that signals from extracellular stimuli may 
be transmitted thereby. In plant cells the signals which are involved in both abiotic 
and biotic stress originate in the PM (Komatsu, 2007; Takahashi et al., 2013; Rejeb 
et al., 2014). Many plant immune receptors and defense regulators are integrally or 
peripherally associated with the PM, and this highlights the importance thereof in 
regulating plant-pathogen interactions (Monaghan and Zipfel, 2012; Yadeta et al., 
2013). The PM is composed of a lipid bilayer with its associated proteins, the latter of 
which are directly embedded within the lipid layer or undergo lipid modifications 
which have effects in the localization of the proteins (Yadeta et al., 2013). Post-
translational protein modifications (PTM) of PM proteins affect the activity of 
signaling processes (Yadeta et al., 2013). Protein phosphorylation plays a large role 
in immune signaling in plants, and the analysis of PTMs through proteomics has 
enabled a greater understanding of how immune regulators are activated and also 
the pathogen recognition events (Komatsu et al., 2007; Yadeta et al., 2013).  Plant 
defense proteins have been determined to be induced and phosphorylated after 
application of pathogens or MAMPs, and these are associated with the PM which 
functions in plant-pathogen interactions and participate in early recognition events of 
the plant (Elmore and Coaker, 2011; Yadeta et al., 2013).  
 
There are a number of proteins which reside in the PM, all of which have different 
functions. A study conducted by Alexandersson et al. (2004) identified 238 proteins 
in the A. thaliana PM from leaves and petioles, and of these the major classes 
represented are transport (17%), signal transduction (16%), membrane trafficking 
(9%) and stress response (9%). Studies that were conducted on the A. thaliana PM 
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have found many proteins associated with defense and signaling processes as well 
as pathogen recognition. Integral membrane proteins are involved in the perception 
of extracellular signals and activation of downstream responses that occur. One of 
the most abundant classes of signaling proteins in plants found in the PM is RLKs, 
which plays a major function in pathogen recognition (Yadeta et al., 2013). Proteins 
involved in the signaling events such as SNAREs (soluble N-ethylmaleimide 
sensitive factor attachment protein receptors), in addition to the 
glycosylphosphatidylinositol-anchored membrane proteins found attached to the 
outer surface, have functions in biological processes such as plant immunity (Yadeta 
et al., 2013). As previously mentioned, proteins that function in the plant immune and 
defense responses have been found to be associated with the PM. One such is the 
protein FLS2 which is a PRR found in Arabidopsis. This receptor is 
compartmentalized to specialized membrane domains and is found within membrane 
rafts of the PM following MAMP treatment (Keinath et al., 2010; Elmore and Coaker, 
2011). The findings from Vilakazi et al. (2017) on the LPSB. cepacia-interacting proteins 
in A. thaliana suggests that the perception of the lipoglycan could possibly occur 
within membrane rafts/microdomains. Furthermore the authors identified BAK1 as an 
interacting protein as supported by Baloyi et al. (2017). In the latter study, PM 
proteins from A. thaliana leaves, subsequent to LPSE. coli treatment, also indicated 
that the perception and resulting signal transduction occurs via PM proteins most 
likely within the specialized perception domains.  
2.3.2 Proteomic techniques  
 
Proteomics is described as an intricate network in Figure 2.13 and has played a key 
role in identifying changes at the protein level in host plants upon infection by 
pathogenic organisms, and the pathogenicity factors which are produced by the 
pathogen. This field has become invaluable in the analysis of signaling pathways 
and networks, or cascades involved in plant responses to environmental stimuli and 
attack by pathogens; ultimately leading to plant adaptation. Proteomics not only 
provides information at a mechanistic level, but also captures changes in protein 
activity in terms of post-translational modifications (PTMs).  The proteome can 
provide relevant information of an organism’s physiological state, and therefore 
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serves as the bridge between the transcriptome and metabolome in systems biology 
(Vinocur and Altman, 2005; Baginsky, 2009; Gassman and Bhattacharjee, 2012; 
Lodha et al., 2013). It also provides comprehensive insights into understanding the 
intricacy of plant-pathogen interactions that result from precise communication 
between the plant and invading pathogen (Ramptisch and Bykova, 2012; Lodha et 
al., 2013).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.13: A representation of the proteomics approach detailing the intricate network (taken from 
Roy et al., 2012). 
 
The proteomic study of plant-pathogen interactions in the plasma membrane of the 
plant gives the opportunity to track proteomes and protein complexes, and 
furthermore to investigate the possible receptors/ protein complexes that are 
involved in the plant-pathogen interactions (Vinocur and Altman, 2005; Tanou et al., 
2012).  
 
The initiation of signaling cascades induced by the channeling of the plant innate 
immunity signals, specifically MTI at the protein level, together with the analysis of 
PTMs, which are rapid modifiers of cellular protein complements, are both thought to 
underpin signal transmission and regulation in the plant cell. Both are essential for 
the analysis of the proteome in relation to stressors. It is in essence these proteins 
which serve as the communication channel and respond to initiate signal 
transduction pathways (Pritchard and Birch, 2011; Rampitsch and Bykova, 2012; 
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Tanou et al., 2012). Activation of SAR and plant innate immunity, specifically basal 
resistance, elevates the levels of PRRs or RLPs which activate major downstream 
signalling processes, such as the phosphorylation of RLKs crucial for MAMP 
perception and activation of the subsequent MAPK signaling cascades (Pritchard 
and Birch, 2011; Tanou et al., 2012; Lodha et al., 2013).  
 
The various proteomic approaches, as illustrated in Figure 2.14, have been 
instrumental in identifying the proteins and protein complexes that are present within 
the PM of a plant. Many different experimental techniques have been developed and 
strategized in order to enrich these proteins. The use of different protein and peptide 
separation strategies have also aided in identifying various integral and peripheral 
membrane-associated proteins (Yadeta et al., 2013). Proteomics can also provide 
quantitative information and may be conducted through gel-based or gel-free/ 
shotgun approaches as illustrated by the workflow. The ‘top-down’ or gel-based 
technique involves separation and quantification of protein samples before digestion 
and identification by mass spectrometry analysis. The ‘bottom-up’ or gel-free 
approach begins with digestion of proteins into peptides, thus making it a more 
sensitive and high throughput technique (Yadeta et al., 2013). 
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Figure 2.14: The workflow for the enrichment of the PM proteins and proteins in general which lead to 
solubilizing and separation phases whereby either a top-down and bottom-up approach is used. The 
proteins are then analyzed and identified (taken from Yadeta et al., 2013).  
 
The vast array of dynamic functions of the PM makes this proteome versatile but 
does include a level of challenge when studying. The low abundance of PM proteins 
which are found in whole tissue extracts makes it necessary to develop strategies 
which will enable the enrichment of such proteins before proteomic analysis (Yadeta 
et al., 2013; Barua et al., 2016). The enrichment of the PM or testing of the purity 
relative to the total microsomal fractions involves enzymatic assays such as the H+-
ATPase assay (Yadeta et al., 2013). The hydrophobicity of the PM poses a problem 
due to the lipid bilayer and therefore strong detergents are required to extract the 
proteins (Zimaro et al., 2011; Yadeta, et al., 2013). Several gel-based studies have 
been used in identifying the PM proteome (Cheng et al., 2010; Yadeta et al., 2013; 
Barua et al., 2016). In terms of plant-pathogen interactions, these include the use of 
one- and two dimensional gel-electrophoresis (1/2D) (Cheng et al., 2010). The latter 
has been the preferred choice of protein separation due to its high-resolution and the 
ability to separate a large number and variety of proteins and isoforms (Cheng et al., 
2010). However, the hydrophobicity, low abundance (in which the plasma membrane 
constitutes only 1.5% to 6% of the total cell in comparison to the large abundance of 
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cytosolic and soluble proteins) and large molecular weights make separation by 2D 
more difficult and can lead to poor performance. There have been improvements in 
the solubility and resolution by the addition of certain chaotropes and detergents 
which have led to the successful analysis of PM proteins by 2D studies (Cheng et al., 
2010; Yadeta et al., 2013).  
 
Proteomics of the PM will enable the identification and understanding of the proteins 
and protein receptors which are thought to be localized therein, and that further 
initiate and induce the signal transduction mechanisms which are involved in the 
defense and signaling responses in A. thaliana. Proteomic techniques that produce 
high-resolution and reproducibility will enable great insight and understanding into 
the detailed impact of the plant-pathogen interaction specific to this study (Cheng et 
al., 2010). An understanding of the mechanism of LPS recognition by A. thaliana will 
enable a better insight of the basal immune response and the mechanisms of basal 
resistance which will advance new approaches that allow increased biotic resistance 
(Komatsu et al., 2007; Zimaro et al., 2011). 
 
2.3.3 Proteomic analysis using affinity chromatography for the 
enrichment of LPS-interacting proteins  
 
Affinity chromatography is a powerful separation method, and is a type of liquid 
chromatography that makes use of a specific biological interaction. This approach is 
becoming one of the most robust and reproducible methods of protein separation 
(Hage et al., 1999; Lee and Lee, 2004). The separation procedure has large scale 
application in proteomics and enables the separated or isolated group of proteins to 
be further analyzed or characterized in terms of the structure and function. It can be 
used for the enrichment of a specific class of proteins or for the depletion of a certain 
type of proteins such as those that are highly abundant (Azarkan et al., 2007). The 
biological function of proteins is dependent on the interaction of the protein with the 
specific molecule or ligand, and this can be exploited in the form of affinity 
chromatography, whereby the target protein can be separated (Lee and Lee, 2004). 
The technique is dependent on the interaction and uses a biologically-related agent 
known as the affinity ligand, which is immobilized to the stationary phase to be able 
to retard and interact with the specific analytes or target proteins of interest (Hage et 
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al., 2012). The immobilized or ‘affinity ligand’ is the key factor and does determine 
how successful the affinity chromatographic method will be. The specific selectivity 
of the affinity ligands ensures that specific targets in very complex biological samples 
can be isolated and purified (Hage, 2009; Hage et al., 2012). The process of affinity 
chromatography occurs by the sample being applied onto the affinity column, which 
is already pre-packed to ensure that the affinity ligand interacts with the desired 
analyte. The ligand is coupled onto a solid support within a column with a specific pH 
and ionic strength that will give the ligand and analyte the desired environment for 
binding. The compounds or molecules within the sample that have no affinity for the 
ligand will be eluted from the column, where after an elution buffer is used to 
dissociate the target protein from the affinity ligand under conditions that facilitate the 
elution such as changing pH or adding a competing agent to the ligand. Figure 2.15 
represents the scheme for affinity chromatography (Hage, 1999; Hage et al., 2012).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.15: A traditional schematic flow of the elution events that occur in affinity chromatography.  
The column is already pre-packed with the affinity ligand under suitable conditions for binding. The 
target analytes/proteins are applied to the column, and the unbound compounds that have no affinity 
to the ligand are eluted and characterized as a non-retained peak. Thereafter the elution buffer, 
having the favorable conditions for elution of the target proteins are applied and the target proteins 
are eluted (taken from Hage et al., 2012).  
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In this study affinity chromatography was used to determine the LPS-interacting 
proteins from A. thaliana using three different capture matrices, namely polymixin B 
(PmB) immobilized columns, streptavidin magnetic microspheres and an EndoTrap® 
HD endotoxin removal system. 
 
The polymixin B (PmB) immobilized column is a cyclic lipophilic peptide antibiotic 
that has a high affinity for the lipid A moiety of LPS. Its uses include neutralizing the 
endotoxic activity of the LPS (Tang et al., 2006). The PmB works by disorganizing 
the bacterial wall and interacting with the LPS (endotoxin) in a hydrophobic manner. 
However, this matrix has slow binding kinetics to the LPS and the purification is time-
consuming; also another drawback is that the PmB cannot effectively recover the 
proteins and remove LPS at the same time as both share the same charges 
(Ongkudon et al., 2012).  Nuclear magnetic resonance (NMR) experiments have 
shown that there is an electrostatic interaction between the polar head group of lipid 
A and the charged residues of PmB, and hydrophobic interactions between the lipid 
chains of LPS and the acyl chain and cluster of hydrophobic residues on the matrix 
(Majerle et al., 2003). PmB is also known to interact with the LPS from the Gram-
negative bacteria such as Salmonella typhimurium and Pseudomonas aeruginosa 
(Moore et al., 1986).  
 
The streptavidin magnetic microspheres are used in the purification of biotinylated 
LPS molecules. The biotin group is conjugated to the bacterial LPS by chemical 
oxidation, and binds to the polysaccharides, the LPS carbohydrate moiety (inner 
core region) and even the lipid A moieties. According to Luk et al. (1995), the 
biotinylated LPS was used to detect the LPS receptors on human endothelial and 
monocytic cell lines.  
 
The EndoTrap® HD endotoxin removal system is an affinity matrix that is used to 
remove endotoxins/LPS from aqueous solutions. The resin is based on a 
bacteriophage protein, where the tail proteins are very diverse and are the 
recognition components of almost every host surface component such as LPS. 
There is an interaction between the phage tail proteins and the bacterial receptors, 
such as the O-chain of the LPS. It has been shown that for both S. enterica and P. 
aeruginosa, the O-chains of LPS are the bacteriophage receptors. There are also 
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phages such as the Siphopage SSU5 that uses the core oligosaccharides as LPS 
receptors (Chaturongakul and Ounjai, 2014). The bacteriophage-derived protein is 
attached to the methacrylic polymer, and is highly specific and binds to the inner 
core of the LPS (Profos, Regensburg, Germany).  
 
Vilakazi et al. (2017) employed similar affinity strategies as was used in this study. 
According to their study the approach proved effective in identifying membrane and 
associated membrane proteins of A. thaliana when the PM fractions were passed 
through affinity columns that were immobilized with LPS from B. cepacia. Here, the 
identified proteins were of similar function as those found for flg22 signaling. In 
addition, the LRR receptor protein kinase BAK1 was identified.  
2.3.4 Liquid chromatograpy/ mass spectrometry (LC/MS) based 
proteomics  
 
LC/MS has emerged as one of the most high-throughput and powerful analytical 
methods of choice for characterizing complex mixtures of proteins quantitatively due 
to its high sensitivity and accuracy in protein identification (Linscheid et al., 2009; 
Nouri and Komatsu, 2010). With LC/MS-based proteomics a vast range of diverse 
proteins including the very basic, acidic, low-abundance and hydrophobic proteins 
can be identified; usually the proteins that have limitations in identification (Nouri and 
Komatsu, 2010). The bottom-up shotgun proteomics approach is used as the 
method of choice since it is ideal for large scale identification and quantification of 
proteins including membrane proteins (Linschied et al., 2009; Yadeta et al., 2013). 
The bottom-up approach consists of the gel-free mass spectrometry that is further 
classified as   i.e. label-free (data dependent and data independent) and label-based 
methods (chemical, enzymatic and metabolic tagging) (Zargar et al., 2016).  The gel-
free approach and label-free methods will be focused on for the purpose of this 
study. It uses the LC/MS based tools to generate the data. It eliminates fewer of the 
experimental errors that occur in the gel-based approaches. It also utilizes fewer 
steps where the isolated proteins are digested and eluted on LC and detected by MS 
(Zargar et al., 2016). The technique of LC/MS is as follows: the protein samples are 
first solubilized, and then digested with a protease such as trypsin to cleave the 
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polypeptide chains into shorter peptide fragments. Thereafter the peptides are 
separated by LC prior to ionization and analyzed by MS analysis for quantification as 
illustrated by Figure 2.16 (Karpievitch et al., 2010; Yadeta, et al., 2013).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.16: An illustration of LC/MS-based proteomics. The proteins are prepared, and then 
subjected to digestion by a protease prior to being introduced to the LC where separation takes 
places. The MS gives rise to a mass spectrum of ionized fragments measuring the m/z ratio values 
and peak intensities. The precursor ions obtained from the peptides are then further fragmented by 
the MS and fragmentation spectra are produced which can be searched against databases for protein 
sequences and subsequent identification (taken from Karpievitch et al., 2010).  
 
The label-free method is considered to be one of the most robust and accurate 
techniques. This approach follows the scheme of LC/MS where once the proteins 
are eluted using the high resolution chromatographic system LC they are transferred 
to MS, at this point the m/z ratios are analaysed. The peptides are further 
fragmented by a quadrupole mass analyzer a process termed as tandem MS or 
MS/MS. In MS/MS high and low collision energies collect information for precursor 
and product ions (Zagar et al., 2016). Once the mass spectra are obtained from the 
LC/MS/MS-based proteomic approach, it is used for the identification of proteins, 
where the first step is the identification of the peptides. This can be achieved using 
previously detected or theoretical peptides which are available as fragmentation 
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spectra in databases such as SEQUEST, Mascot and X! Tandem, in which the 
peptide fragmentation patterns are compared to the theoretical patterns in the 
databases (Karpievitch et al., 2010). 
 
Byonic™ is a software that is able to identify the peptides and proteins by tandem 
mass spectrometry (Bern et al., 2012). Byonic™ was used to identify the LPS (Xcc 
8004 and 8530)-interacting proteins from Arabidopsis by MS/MS. This programme 
performs the same role as the previously-mentioned databases but differs in the 
range of functions offering a wider range of capabilities and search possibilities (Bern 
et al., 2012). The additional features that Byonic™ has, in comparison to the other 
software, is to accommodate modifications. These include the   i) modification fine 
control, consists of an unlimited number of variable modification types but at the 
same time it also allows the user to set a limit on the number of occurrences of each 
modification type. ii) Wildcard search picks up unanticipated or unknown 
modifications, and iii) glycopeptide search identifies glycopeptides without prior 
knowledge of the glycosolation sites.  If the purpose of the study is protein 
identification then the most common modifications are enabled. In the data set each 
mass spectrum is compared to each candidate peptide in the protein database to 
yield protein and peptide spectrum matches (PSMs) (Bern et al., 2012). Significant 
proteins of confident identifications can be made by p-values and scores. Byonic™ 
will produce a protein list which is ranked by the base-10 logarithm of the proteins p-
value which is the likelihood of the PSMs to this protein arising by a random chance 
(Bern et al., 2012). For confident identifications the ranking of the proteins should be 
compared to the decoy or reverse proteins when using the p-value. The score is the 
primary indicator of the PSMs accuracy. It reflects the quality of the peptide spectrum 
match. The scores range from 0-1000 with 300 and over being significant PSMs 
(Bern et al., 2012) 
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CHAPTER 3: MATERIALS AND METHODS 
 
3.1 Lipopolysaccharide isolation and characterization 
 
3.1.1 Culturing and harvesting of bacterial strains  
 
The Xanthomonas campestris pv. campestris (Xcc) bacterial strains that were used 
in the study were obtained from Prof I. A. Dubery, Department of Biochemistry, 
University of Johannesburg, SA, originally from Prof Mari-Anne Newman, 
Department of Plant Sciences, University of Copenhagen, Denmark. The Xcc 
wildtype 8004 and mutant 8530 strains were cultured in 100 mL overnight starter 
cultures at 28-30°C and 100 rpm in sterile nutrient broth (16 g/L) (Merck, RSA), with 
the respective antibiotics rifampicin (50 µg/mL) (Sigma Aldrich, USA) and kanamycin 
(25 µg/mL) (Sigma Aldrich, USA) (Silipo et al., 2008). This was then used to 
inoculate 3 L sterile Nutrient Broth medium that was then cultured using the same 
culturing conditions as above for approximately 10-12 d. Thereafter, the cultures 
were harvested by fixed angle centrifugation at 8476 x g for 20 min at 15 °C using a 
J-10 rotor on a Beckman Avanti ™ J-30 centrifuge. This procedure was repeated 
several times to obtain the final cell mass of the ~20 g of Xcc 8004 and Xcc 8530 
strains. 
 
3.1.2 LPS extraction 
 
A phenol-water-based procedure, similar to the protocol by Westphal and Jann 
(1965), was used to extract LPS from freeze-dried Xcc 8004 and 8530 bacterial 
cells. The lyophilized cells were ground to a powder in liquid nitrogen using a mortar 
and pestle, and thereafter suspended in 350 mL distilled dH2O which was pre-heated 
to 65°C. An equivalent amount of 90% (w/v) phenol (Merck, SA) pre-heated to 65˚C, 
was added to the suspension. The mixture was kept at 65˚C for 15 min while 
continuously mixing and then allowed to cool to 10˚C on ice. Centrifugation was then 
performed at 8476 x g and 10˚C for 30 min in a fixed angle centrifuge to facilitate 
phase separation. Subsequently the upper phase was removed, and the lower 
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phenol phase and insoluble residue of the inter-phase were re-extracted four times 
as described above. The upper phases from all the extractions were pooled and 
dialyzed in 7000 MWCO SnakeSkin ® Dialysis Tubing (Thermo Scientific, USA) with 
multiple changes of water to remove small molecular weight bacterial substances 
and phenol that was present. The resultant water phase was then centrifuged at 
8476 x g for 20 min and the supernatant lyophilized overnight. Further purification 
was essential due to the presence of nucleic acids (DNA and RNA) and 
contaminating proteins. Following, the lyophilized extracts of both strains were re-
suspended in 40 mL dH2O to which 0.05 mg of DNase (Roche Diagnostics, USA) 
and RNase (Roche Diagnostics, USA) were added, and incubated at 37˚C for 2 h. 
Thereafter, 0.05 mg proteinase K (Sigma Aldrich, USA) was added and the solutions 
and incubated for another 2 h. An equal volume of 90% (w/v) phenol at 65˚C was 
added to the solution, vortexed, and centrifuged at 8476 x g and 10˚C in a fixed 
angle centrifuge for 15 min to allow phase separation. The upper water layer was 
removed for both the wildtype and mutant strains, placed into individual dialysis 
tubing and dialyzed against water for 7 d to remove the phenol. Once there was no 
detection of phenol, the solutions were lyophilized for 5 d and stored at -20˚C for 
further downstream analysis and characterization. 
 
3.1.3 Characterization of LPS 
 
3.1.3.1 2-Keto-3-deoxyoctonate (Kdo) quantification  
 
The Kdo assay was performed according to a protocol by Karkhanis et al. (1978) and 
the assay was replicated three independent times. A 2 mg/mL Kdo (Sigma Aldrich, 
USA) stock solution was prepared and used to obtain a concentration range of 2-20 
µg/mL with 2 µg/mL increments in order to construct a standard curve. A solution of 
2 mg/mL was also prepared for the LPS from Burkholderia cepacia (B. cepacia), Xcc 
8004 and Xcc 8530 bacterial strains. Thereafter 1 mL of a 0.4 M sulfuric acid, H2SO4 
(Rochelle Chemicals, SA), was added to each of the Kdo standards and LPS 
samples, as well as dH2O to serve as a blank. The solutions were heated to 100˚C 
for 30 min and then cooled to room temperature (RT), followed by centrifugation at 
12000 x g for 5 min. The clear supernatant was transferred and 250 µL of 0.04 M 
periodic acid, HIO4, (Merck, Germany), in 0.25 M H2SO4 was added to 500 µL of 
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supernatant in each of the test tubes. The samples were vortexed and incubated at 
RT for 20 min. Subsequently, 250 µL of 2.6% (w/v) sodium (meta)arsenite, NaAsO2 
(Sigma Aldrich, USA), in 0.5 M hydrochloric acid, HCl (Rochelle Chemicals, SA), was 
added to each of the samples. A brown yellow color was observed and, once 
dissipated, 0.5 mL of 0.6% (w/v) thiobarbituric acid, C4H4N2O2S (Sigma Aldrich, 
USA)  was added to the clear solution and vortexed. It was then heated to 100˚C for 
15 min, and a pink color was observed as depicted in Figure 3.1. Finally, 1 mL of 
dimethylsulfoxide, DMSO (Sigma Aldrich, USA) was added to each tube while still 
hot to maintain the color of the chromophore, the samples were then cooled to RT 
and the absorbance recorded on a spectrophotometer at 550 nm against the blank 
sample.  
 
The Kdo content of LPS was calculated by use of the following equation:  
 
Kdo/mg starting material = 2X amount on graph/ amount of starting material 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: A depiction of the Kdo assay indicating the color changes that were observed during the 
assay for the LPS of B. cepacia, Xcc 8004 and Xcc 8530. A) The color change to brown after the 
addition of sodium arsenite, which dissipates after vortexing. B) The color changes of the samples to 
pink/red that contained Kdo after heating at 100°C, depending on the concentration. Tube 1 and 2 
represent a blank sample, tube 3 and 4 contain 500 µg of sample, tube 5 and 6 has 250 µg of sample 
and tube 7 and 8 represent 100 µg of sample. C) Samples after DMSO addition (taken from 
Sunayana and Reddy, 2015). 
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3.1.3.2 Carbohydrate content quantification 
  
The phenol-sulfuric acid assay outlined by Hirs (1967) and Masuko et al. (2005) was 
employed to determine the carbohydrate content of the LPS samples and the 
experiment was completed three independent times. Glucose, C6H12O6 (ACE, SA) 
standards ranging from 20-90 µg/mL in dH2O were prepared in glass test tubes with 
10 µg/mL increments. A 0.25 mg/mL stock solution was prepared for LPS from B. 
cepacia, Xcc 8004 and Xcc 8530 bacterial strains with a blank sample (dH2O). To 
each of the sample solutions 25 µL of 80% (w/v) phenol was added followed by the 
addition of 2.5 mL of concentrated H2SO4. The sample solutions were then incubated 
at RT for 10 min, followed by vortexing of the solutions and a further incubation for 
an additional 20 min at RT. The absorbance readings for glucose standards and LPS 
samples were determined at 485 nm against the blank. The standard curve obtained 
from the glucose standards was then used to calculate the carbohydrate content of 
the LPS samples. 
 
3.1.3.3 Protein quantification with the Amido Black assay 
  
Bovine serum albumin, BSA (Roche Diagnostics, Germany), standards with a 
concentration range of 0.625, 1.25, 2.5, 5 and 10 mg/mL were made by serial 
dilution from a stock solution. Thereafter stock solutions of 1 mg/mL of the LPS (B. 
cepacia, Xcc 8004 and Xcc 8530) were prepared in dH2O. Each of the standards 
and LPS samples were spotted (1 μL) in triplicate on a 0.2 µm nitrocellulose 
membrane (Bio-Rad, Germany), followed by incubation in 50% (v/v) methanol 
(Rochelle Chemicals, SA) to ensure fixation of proteins. Thereafter the methanol was 
discarded and the membrane incubated with the Amido Black staining solution [0,1% 
(w/v) Amido Black (Saarchem, RSA), 30% (v/v) methanol and 10% (v/v) acetic acid 
(Rochelle Chemicals, SA)]. This was discarded and the membrane rinsed in 50% 
(v/v) methanol until a clear background was obtained. The standards and the sample 
spots were cut out and transferred to a 24 multi-well plate which contained 1.3 mL of 
0.1 N sodium hydroxide, NaOH (Rochelle Chemicals, SA) and this was incubated for 
30 min on a rotary shaker in order to de-stain the excised nitrocellulose membrane 
spots. Thereafter 200 μL of both the standards and the samples were pipetted into a 
96-well microtiter plate, the absorbance was measured at 600 nm in triplicate, the 
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values averaged, and a standard curve constructed from which the protein 
concentration of the samples was determined. 
 
3.1.3.4 One dimensional (1D) sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) analysis of LPS 
 
SDS-PAGE was prepared and performed according to a method described by 
Laemmli (1970). The 1D SDS-PAGE gels for LPS analysis were analytically 
repeated three times.  
 
3.1.3.4.1 Sample preparation 
 
Stock solutions of 1 mg/mL were prepared for the LPS from B. cepacia, Xcc 8004 
and Xcc 8530 bacterial strains, and diluted in 2X sample buffer [0.05 M Tris 
(hydroxymethyl)aminomethane, pH 6.8 (Merck, Germany), 2% (w/v) sodium dodecyl 
sulphate (SDS) (Sigma, USA), 10% (w/v) sucrose (Merck, SA), and 0.05% (w/v) 
bromophenol blue (Saarchem, RSA)] in a 1:1 (w/v) dilution, (Formsgaard et al., 
1990). Thereafter the samples were heated at 100°C for 5 min. 
 
3.1.3.4.2 12.5% SDS-PAGE gel preparation 
 
A 12.5% SDS-PAGE gel was electrophoresed using the Hoefer Scientific miniVE 
vertical electrophoresis system (Amersham, UK). The 12.5% resolving gel was made 
up as described by Table S7 in the Supplementary section before casting into an 
assembled gel cassette system, followed by overlaying with water-saturated butanol, 
and the gel was allowed to polymerize. Subsequently the butanol was decanted and 
the gel rinsed with dH2O. The 4% stacking gel was then prepared according to Table 
S8 in the supplementary section and cast onto the resolving gel, a comb inserted 
and the gel then allowed to polymerize. Once polymerized the comb was removed. 
The gel cassettes were then placed into the electrophoresis tank and 
electrophoresed in a 1X SDS tank buffer [0.1% (w/v) SDS, 25 mM Tris, 192 mM 
Glycine (Sigma Aldrich, USA)] diluted from a 10 X stock. Fifteen µL of the samples 
were then loaded onto the gel, and electrophoresed at 300 V with a constant current 
of 15 mA. Once the gel had been electrophoresed to completion, a silver staining 
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procedure was used to identify the LPS bands and components according to a 
modified version of the protocols by Tsai and Frasch (1982), Formsgaard et al. 
(1990) and Bassam et al. (1991). 
 
3.1.3.4.3 Silver staining procedure of 1D SDS-PAGE LPS gels  
 
The LPS bands/components were oxidized in the gel by the addition of 0.7% (w/v) 
periodic acid, HIO4, in 40% (v/v) ethanol (Sigma Aldrich, USA) and 5% (v/v) acetic 
acid for 20 min. There was no prior fixation method required. The gels were then 
washed for 5 min in distilled water, 3 times. A freshly prepared silver staining solution 
[25% (v/v) concentrated ammonium hydroxide solution (ACE, SA), 20% (w/v) silver 
nitrate, AgNO3 (Merck, Germany)] was added to the gel and incubated for 10 min. 
The gel was then washed with distilled water 3 times for 5 min each. The developer 
solution [200 mL dH2O, 10 mg citric acid (Sigma Aldrich, USA), 100 µL of 37% (v/v) 
formaldehyde (Sigma Aldrich, USA)] was added to the gel until the LPS bands 
developed. The developing process was stopped by the addition of stop solution, 
10% (v/v) acetic acid for 15 min, followed by washing the gels in distilled water twice 
for 30 min.  
3.1.4 Biotinylation and derivatization of LPS 
 
The derivatization of LPS was performed according to a method described by 
Giangrande et al. (2013), via a transesterification reaction with a bitoin-p-nitrophenyl 
ester. Fifteen mg of the lyophilized LPS was solubilized in 1000 µL of pyridine 
(Sigma Aldrich, USA), after which 45 mg of the biotin-p-nitrophenylester (Sigma 
Aldrich, USA) was added in a 1:3 (w/w) LPS/biotin-p-nitrophenylester ratio. The 
reaction was performed in the dark for 2 h at 80˚C. The sample was then dried under 
nitrogen and dissolved in MilliQ dH2O. Seven kDa MWCO Zeba™ spin desalting 
columns, (Thermo Scientific, USA) were used to remove the excess reagents. Once 
the sample cooled to RT, 130 µL was applied to the top of the column followed by 
centrifugation for 2 min at 1500 x g. Due to the larger size of the LPS it was expected 
to elute first. The fractions of the LPS were pooled and lyophilized. The lyophilized 
biotinylated LPS and underivatized LPS were diluted in a 1X sample buffer in a 1:1 
(v/v) ratio before being analyzed by SDS-PAGE as described in section 3.1.3.4. 
47 
 
 
3.2 Treatment of leaves and isolation of the plasma 
membrane of Arabidopsis thaliana for identification of 
LPS-interacting candidate proteins  
 
3.2.1 Growth of Arabidopsis thaliana 
 
Arabidopsis thaliana Colombia-O wildtype seeds were sowed into plant growth pots 
which contained Culterra™ germination mix soil (Muldersdrift, SA). The plants were 
incubated in a controlled growth room of 22-23°C under a 12 h light/ 12 h dark cycle, 
watered twice every week and the seedlings also fertilized two times a week or as 
required with a 1:200 (v/v) dilution of Nitrosol® Natural Organic Plant Food (Efekto, 
SA). The plants were grown until matured with fully developed rosettes as depicted 
in Figure 3.2 and monitored for contamination, ready to be treated with LPS. 
 
 
 
 
 
 
 
 
 
 
Figure 3.2: A depiction of the growth of the Arabidopsis plants to maturity. A) Seedlings were 
germinated. B)  Growth of the plant in the early stages. C) Fully matured plants ready for treatment 
with LPS. 
 
 
 
 
 
 
 
A) B)  C) 
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3.2.2 Lipopolysaccharide (LPS) treatment 
 
Once the plants had matured with fully developed rosettes, they were treated by 
pressure infiltration with 100 µg/mL of LPS from Xcc wildtype 8004 and Xcc mutant 
8530 bacterial strains, solubilized in 2.5 mM magnesium chloride, MgCl2 (Saarchem, 
SA), into the abaxial side of the leaves through the stomatal opening of the plant. 
Three biological repeats of LPS treatment (Xcc 8004, Xcc 8530) of the plants were 
conducted for the following time study 0, 6, 12, 18 and 24 h along with the respective 
MgCl2 controls (no LPS solubilized). The treated leaves were then harvested after 
the respective time inductions, flash frozen in liquid nitrogen and stored at -80°C until 
needed for further downstream analysis.  
 
3.2.3 Isolation of the plasma membrane (PM) from Arabidopsis 
thaliana 
 
3.2.3.1 Homogenization and microsomal fraction enrichment  
 
The PM from the A. thaliana leaves was isolated according to a small-scale 
procedure described by Giannini et al. (1988) and Abas and Luschnig, (2010). 
Approximately 20 g of treated leaves and controls for each of the respective time 
points were ground to a powder with liquid nitrogen using a mortar and pestle, 
followed by homogenization in 50 mL of  homogenizing buffer [250 mM sucrose, 3 
mM  ethylenediaminetetraacetic acid (EDTA) (Saarchem, RSA), 10% (v/v) glycerol, 
0.5% (w/v) (poly(vinylpolypyrrolidone) (PVPP) (Sigma, USA), 2 mM 
phenylmethylsulfonyl fluoride (PMSF) (Boehringer Mannheim, Germany), 15 mM β-
mercaptoethanol (CALBIOCHEM, USA), 4 mM dithiothreitol (DTT) (ThermoFisher 
Scientific, UK), 250 mM potassium iodide, KI (Saarchem, SA), 70 mM Tris-HCL, pH 
7.5] at 4°C using an ultraturrax homogenizer, CAT X120 (CAT, Germany). The leaf 
homogenate was filtered through two layers of miracloth (Bio-Rad, SA) and resulted 
in a homogenate fraction (HM) which was further centrifuged at 6000 x g for 3 min at 
4°C using a fixed angle centrifuge, Beckman Avanti™ J-30. The pellet was 
discarded, which contained the cell debris and nuclei, and the supernatant was 
subjected to another round of centrifugation at 13000 x g for 25 min at 4°C. The 
supernatant was then discarded and the pellet re-suspended in 800 µL of ice cold 
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microsomal suspension buffer [250 mM sucrose, 10% (w/v) glycerol, 1 mM DTT, 1 
mM PMSF and 2 mM 2-(N-morpholino)ethanesulfonic acid (MES) (Sigma Aldrich, 
USA)] to obtain the microsomal fraction (MF).  
 
3.2.3.2 Plasma membrane fractionation by sucrose-density gradient centrifugation  
 
A 25%/38% (w/v) sucrose density gradient centrifugation was used, performed in a 2 
mL microcentrifuge tube and using a microcentrifuge able to generate 13000 x g 
(Giannini et al., 1988). Here, 500 µL of the MF was layered onto the sucrose 
consisting of 700 µL of 38% (w/v) and 700 µL of the 25% (w/v) in 1 mM Tris/MES, 
pH 7.2 and 1 mM EDTA solution, to create a discontinuous gradient. This was then 
centrifuged at 13000 x g for 1 h at 4°C. After centrifugation the PM appeared as a 
band at the 25%/38% interface and was extracted with a pipette. The HM, MF and 
PM were further analyzed by determining the protein concentration and subsequent 
downstream analysis.  
 
3.2.4 Protein quantification of protein fractions using the Amido 
Black assay 
 
The protein quantification of the HM, MF and PM fractions was performed using the 
Amido Black assay as previously described in section 3.1.3.3.   
 
 
3.2.5 One-dimensional SDS-PAGE analysis of protein fractions 
 
SDS-PAGE was performed according to a method by Laemmli, (1970). The Hoefer 
Scientific miniVE vertical electrophoresis system (Amersham Biosciences, UK) was 
used to perform electrophoresis of the SDS-PAGE gels for each of the HM, MF and 
PM fractions as well as the respective controls for each of the time points. Two 
analytical repeats were performed. Resolving (12%) and stacking (5%) gels were 
prepared according to Table S9 in the Supplementary section. The former was cast 
first into the gel cassette, with a layer of water-saturated butanol (Rochelle 
Chemicals, RSA). Once the resolving gel was polymerized, the butanol was 
discarded and the gel washed with dH2O. The stacking gel was then cast with a 10-
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well comb. Twenty µg of the protein sample fractions (HM, MF, PM) were then 
prepared and diluted in 2X sample buffer [20% (w/v) SDS, 1.5 M Tris (pH 6.8), 30% 
(v/v) glycerol, 0.1% (w/v) bromophenol blue, 15% (v/v) β-mercaptoethanol 
(Calbiochem, USA)] in a 1:1 (v/v) ratio. The samples were boiled at 95°C for 3 min 
and cooled to RT. The protein sample fractions were loaded onto the gels alongside 
a PageRuler™ Unstained broad range protein ladder (Thermo Scientific, USA) or a 
PageRuler™ Pre-stained protein ladder (Thermo Scientific, USA), and 
electrophoresed at a constant voltage of 90 V and varied current of 400 mA. The 
gels were then visualized using a Fairbanks staining procedure Fairbanks et al. 
(1971). 
 
3.2.6 Fairbanks staining 
 
Once gel electrophoresis was completed, the results were visualized with Fairbanks 
staining (Fairbanks et al., 1971). Fairbanks A [0.5 g Coomassie Brilliant Blue-R250 
(Merck, Germany), 250 mL isopropanol (Rochelle Chemicals, RSA), 100 mL acetic 
acid] was poured into a container to cover the gel, and the container was then placed 
into a microwave for 1 min. Thereafter, the gel was continuously agitated for 15-20 
min on a rotary shaker at RT. The same procedure was repeated for both Fairbanks 
B (0.05 g Coomassie Brilliant Blue-R250, 100 mL isopropanol, 100 mL acetic acid) 
and Fairbanks C (0.02 g Coomassie Brilliant Blue-R250, 100 mL acetic acid). The 
gel was then de-stained with Fairbanks D (100 mL acetic acid), until a clear 
background was obtained.  
 
3.2.7 Validation of the purity of the isolated PM 
 
3.2.7.1 The PM H+-ATPase assay  
  
The method of Ligaba et al. (2004) and Giannini et al. (1988), with minor 
modifications, was used to measure the activity of H+-ATPase for three independent 
experiments. A standard curve of dipotassium phosphate, K2HPO4 (Merck, 
Germany) with a concentration range of 0-120 nM and increments of 20 nM was 
constructed. The assay was conducted in 200 µL reaction volumes (96 well-
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microtitre plate) containing reaction buffer [30 mM MES, 5 mM magnesium sulfate 
MgSO4 (ACE, SA), 50 mM potassium chloride, KCl (ACE, SA), 4 mM adenosine 5’-
triphosphate (ATP) (disodium salt hydrate) (Sigma Aldrich, USA) and 0.02% (w/v) 
Brij 58 detergent (Sigma Aldrich, USA)]. To initiate the reaction, 3 mg of the HM, MF 
and PM was added to different wells. The reactions were carried out in ten min 
intervals at 30°C and then stopped with 40 µL of 2% (v/v) sulfuric acid, H2SO4, 5% 
(w/v) SDS and 0.7% (w/v) sodium molybdate (Sigma Aldrich, USA). This was 
followed by the addition of 50 µL of 10 % (w/v) ascorbic acid, C6H8O6 (Sigma, USA)]. 
The color development of the phosphomolybdate proceeded for 30 min and the 
absorbance was measured at 820 nm, which correlates with the release of the 
inorganic phosphate. 
 
3.2.7.2 Western blot analysis using the detection of mitogen-activated 
protein kinase (MAPK)  
 
3.2.7.2.1 Transfer and electro-blotting of gels 
 
A 12% 1D SDS-PAGE  gel was electrophoresed using the same conditions as in 
section 3.2.5, after which the gel was removed from the cassette and placed into a 
container with 1X transfer buffer [25 mM Tris, 200 mM glycine, 15% (v/v) methanol, 
made up to a final volume of 1 L] to equilibrate the gels. An Immun-Blot® 
polyvinylidene difluoride (PVDF) membrane (Bio-Rad, USA) was cut to the size of 
the gel and placed in 100% (v/v) methanol, followed by washing with dH2O, and then 
soaked in transfer buffer to ensure that it does not dry out. The transfer cassette was 
then assembled as illustrated in Figure 3.3, ensuring the proper orientation of the 
proteins from the cathode to anode. The cassette was then placed in the transfer 
tank TE 22 (Hoefer Inc, USA) containing 1X transfer buffer, and transfer of the 
proteins was performed overnight at 28 V on a magnetic stirrer. 
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Figure 3.3: Illustration of the assembly of the Western blotting transfer cassette for transfer of the 
proteins from the SDS-PAGE gel to the PVDF membrane. The direction of transfer is from the 
cathode (-) to the anode (+), hence the transfer membrane is at the anode (+) position (taken from 
Hartfelder et al. 2013).   
 
3.2.7.2.2 Detection of MAPK 
 
After overnight transfer, the membrane was removed from the cassette and placed 
into a container, followed by washing twice in TBST solution [50 mM Tris, 150 mM 
sodium chloride, NaCl for a 10X TBS stock at a pH of 7.5 to which 100 μl of Tween 
20 (Sigma Aldrich, USA) was added per 100 mL of a 1X TBS] for 10 min each. 
Thereafter, the TBST was discarded and the membrane incubated in a blocking 
solution of 2% (w/v) BSA in TBST for 1 h with constant agitation. Thereafter the 
membrane was incubated in the primary antibody, Anti-active® MAPK pAb, Rabbit, 
(pTEpY) (1:5000) [Promega, USA] in blocking solution for 1.5 h with constant 
agitation. The primary antibody was then recovered, and the membrane washed 3 
times for 10 min intervals in TBST solution with constant agitation, and the solution 
discarded. The membrane was then incubated for 2 x 10 min intervals with blocking 
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solution, followed by incubation in secondary antibody, Goat Anti-Rabbit IgG (H/L): 
HRP (1:20000) [Bio-Rad, USA)] for 1.5 h with constant agitation before the antibody 
solution was recovered. The membrane was washed 4 times for 15 min intervals 
with TBST solution. This was then discarded and the Clarity™ Western ECL 
substrate solution (Bio-Rad, SA) was used, whereby the substrate components 
(luminol solution and peroxide solution) were mixed in a 1:1 (v/v) ratio. The 
membrane was incubated in the substrate solution for 5 min, after which it was 
viewed on a ChemiDoc XP (Bio-Rad, USA) after being exposed to UV 
transillumination. 
3.2.8 Acetone precipitation 
 
Acetone precipitation of isolated PM fractions was performed prior to further analysis 
by two dimensional (2D) gel electrophoresis to achieve a maximal protein yield. The 
PM fractions were precipitated with 80% (v/v) acetone (Promark Chemicals, RSA), 
with four parts of ice-cold acetone added to every one part of fraction, and then 
incubated at -20°C overnight. Thereafter, the tubes were centrifuged at 13000 x g for 
10 min at RT in a micro-centrifuge. Following centrifugation the supernatant was 
discarded and the pellets subjected to three washes with ice-cold 80% (v/v) acetone 
by vortexing and re-suspending the pellets and centrifuging at 13000 x g for 10 min 
per wash. After the washes, the acetone was discarded and the pellet allowed to air 
dry. This was followed by re-suspension in urea sample buffer [6 M urea (Sigma 
Aldrich, USA), 2 M thiourea (Sigma Aldrich, USA) and 2% (w/v) 3-[(3-
cholamidopropyl)dimefthylammonio]-1-propanesulfonate, CHAPS (Sigma Aldrich, 
USA)]. The samples were then used for further downstream analysis whereby the 
PM protein samples were quantified by the Amido Black assay similar to that 
described in section 3.1.3.3, with the PM samples and BSA standards in the 
respective sample buffer, and further analyzed by 2D gel electrophoresis. 
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3.2.9 Two-dimensional (2D) SDS-PAGE 
 
3.2.9.1 Isoelectrofocusing (IEF)  
 
Following quantification, 100 µg of the treated PM and respective controls were 
prepared for rehydration. A final volume of 125 µL sample of the 100 µg PM was 
prepared for rehydration with the components [1.25 µL of 50% (w/v) DTT, 1.25 µL 
ampholyte solution (Bio-Rad, RSA), x µL volume of protein sample and y µL 
rehydration buffer (urea buffer with trace amounts of bromophenol blue)]. The 
samples were pipetted onto a rehydration tray. An Immobiline™ Reswelling Dry-strip 
tray and non-linear immobilized pH gradient (IPG) strip [pH 3-10 or 4-7, 7 cm 
ReadyStrip™ IPG, Bio-Rad, USA)] was placed gel-face down onto the column in the 
rehydration tray over the sample. The tray was then filled with mineral oil, covered 
with foil, and left overnight at RT to rehydrate. Following the overnight rehydration, 
the IPG strip was placed gel-side up into the loading tray of the IEF Etthan IPGphorII 
electrophoresis unit (Amersham Bioscience, UK), making sure of the correct 
orientation of the strip to the electrodes. A wet filter-paper wick was placed at each 
end of the strip just overlapping the gel, then the electrodes were placed over the 
wicks and mineral oil pipetted into the lane.  The IPG strips were then 
electrophoresed according to the following set-up adapted from Ngara and Ndimba 
(2011): 250 V for 15 min, 4000 V for 1 hour, 4000 V for 12000 volt h and a 750 V 
holding step. Once completed, the IEF strips were equilibrated in SDS equilibration 
buffer before being subjected to the 2D gel electrophoresis. 
3.2.9.2 SDS equilibration and second dimension (2D) SDS-PAGE  
 
The strips were removed once IEF was completed and the excess mineral oil 
washed off with dH2O, followed by rinsing in 1X tank buffer for 5 min. Two 
equilibration steps were performed: the first step required incubation in equilibration 
buffer (6 M urea, 30% (v/v) glycerol, 2% (w/v) SDS, 50 mM Tris, and a trace amount 
of bromophenol blue) with the addition of 1% (w/v) of DTT for 20 min, and in the 
second equilibration step, the IPG strip was incubated in equilibration buffer with the 
addition of 2.5% (w/v) of iodoacetamide (IAA) for 20 min at RT with constant 
agitation. The strips were then rinsed with 1X tank buffer for 5 min, and overlaid onto 
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an assembled 12% resolving gel prepared according to Table S9 in the 
supplementary section. Four μl of a broad range unstained marker or pre-stained 
marker was pipetted onto a piece of filter paper and placed next to the IPG strip in 
the gel cassette. The assembly was sealed with 1% (w/v) sealing agarose (Conda, 
SA) and electrophoresed at 18 mA and 300 V using a Hoefer Scientific miniVE 
vertical electrophoresis system (Amersham Biosciences, UK). The PM protein spots 
were visualized with Fairbanks staining as described in section 3.2.6 and 
subsequently silver stained for both of the treated samples in the time study and the 
respective controls.  
 
3.2.9.3 Silver staining of 2D SDS-PAGE gels 
 
The silver staining protocol was modified from Switzer III et al. (1979) and Blum et al. 
(1987) for the optimal staining of plant proteins, and for compatibility with further 
downstream analysis. Following electrophoresis of the 2D SDS-PAGE gels, the 
proteins were fixed onto the gel overnight with 50 mL fixing solution A (50% (v/v) 
methanol, 10% (v/v) acetic acid) with constant agitation at RT on a rotary shaker. 
The gel was incubated in fixing solution B (5% (v/v) methanol, 1% acetic acid (v/v)) 
for 15 min with shaking, followed by solution C (50% methanol) for 1 min and rinsing 
3 times for 10 min each with milliQ dH2O. The gels were then sensitized for 90 s with 
sensitizer solution [0.02% (w/v) sodium thiosulfate, Na2S2O3.5H2O (Saarchem, SA)], 
followed by rinsing 3 times for 30 sec each with dH2O. The gel was incubated in a 
chilled silver solution [0.2% (w/v) silver nitrate, AgNO3] for 30 min with continuous 
agitation. The silver was discarded and the gel rinsed 3 times for 1 min with MilliQ 
dH2O. This was followed by incubation in developer solution [6% (w/v) sodium 
carbonate decahydrate, NaCO3 (Merck, Germany), 0.05% of 37% (v/v) 
formaldehyde, 0.02% (w/v) sodium thiosulfate] until protein bands became visible. 
The developing was stopped with 6% (v/v) acetic acid and shaken for 5 min. Stained 
gels were washed and stored in MilliQ dH2O. 
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3.3 Affinity chromatography 
 
Affinity chromatography was performed by employing three affinity matrices and 
processes, namely: i) EndoTrap®  HD Endotoxin removal (Hyglos, Germany) 
method, ii)  Detoxi-Gel™ Endotoxin removing gel procedure (Thermo Scientific, 
USA) and iii) MagReSyn™ streptavidin magnetic polymeric microspheres (Resyn 
Biosciences, RSA). For all of the affinity approaches, the LPS from both the Xcc 
8004 and 8530 strains were employed to serve as the bait by being immobilized to 
the affinity resin matrices, after which both the Xcc 8004 and Xcc 8530-treated PM 
fractions were passed through the affinity columns. Control samples for all matrices 
were prepared along with the LPS samples under investigation in order to detect 
non-specific interactions which may have occurred between the PM proteins and the 
affinity matrices, i.e. without immobilization of LPS. 
 
3.3.1 Detoxi-Gel™ Endotoxin removing gel affinity chromatography  
 
The affinity procedure followed was a method performed by Vilakazi et al. (2017) and 
modification of the manufacturer’s instructions to ensure high protein yields from the 
chromatographic technique. The Detoxi-Gel™ Endotoxin Removing gel  (Thermo 
Scientific, USA) column was regenerated 5 times with 1 mL of 1% (w/v) sodium 
deoxycholate (C24H39NaO4) (Sigma, USA), followed by 3 rinses with dH2O to wash 
the column free from detergent. The gel affinity matrix/resin was equilibrated with 
equilibration buffer (1 mL of 10 mM Tris-HCl, pH 7.5), three times. A 1 mg/mL stock 
solution of LPS from both Xcc 8004 and Xcc 8530 was dissolved in 10 mM Tris-HCl, 
pH 7.5, and the absorbance was then measured spectrophotometrically at 260 nm. 
The LPS stock solution was applied to the column and allowed to pass through the 
gel affinity resin via gravity flow. Thereafter any unbound LPS was washed off with 1 
mL of 10 mM Tris-HCl, pH 7.5, 6 times, and the LPS fractions quantified 
spectrophotometrically at 260 nm. A 1 mg/mL sample of each of the LPS-treated PM 
fraction was prepared and the absorbance was measured at 280 nm 
spectrophotometrically. The PM sample was then applied to the column after which 
the column was plugged and incubated for 2 h at RT to ensure optimal binding as 
suggested by the manufacturer. Following incubation the column was washed with 6 
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X 1 mL of 10 mM Tris-HCl, pH 7.5. The best NaCl concentration was determined 
from a range of (0.1 M, 0.5 M and 1 M) and 1 M was found more significant in 
removing the non-specific interactions. The column was then washed 6 times with 1 
mL of 1 M NaCl in 10 mM Tris-HCl, pH 7.5 in order to remove the non-specifically 
bound proteins. The potential LPS-interacting proteins were eluted from the column 
in six fractions with 1 mL of 1% (w/v) SDS in 10 mM Tris-HCl, pH of 7.5. The 
absorbances of all of the eluted fractions were measured spectrophotometrically at 
280 nm. 
 
3.3.2 EndoTrap® HD Endotoxin removal affinity chromatography 
 
The affinity column, EndoTrap® HD Endotoxin (Hyglos, Germany), was regenerated 
with 1 mL of regeneration buffer [20 mM hydroxyethyl piperazine-ethanesulfonic acid 
(HEPES) (Sigma Aldrich, USA), 1 M NaCl, 2 mM EDTA, pH 7.5] three times, after 
which the column was allowed to drain completely by gravity flow. Equilibration of the 
column was completed with 1 mL washes of equilibration buffer [0.1 mM calcium 
chloride, CaCl2 (Hyglos, Germany)] three times. A stock solution of 1 mg/mL of the 
two LPS strains, namely Xcc 8004 and Xcc 8530 respectively, were prepared in the 
equilibration buffer and added to the stock solution of 1 mg/mL of PM treated with 
both LPS bacterial strains. The two solutions in combination were continuously 
agitated for 2 h on a rotary shaker for optimal binding of the LPS to the targeted 
proteins in the PM samples. The samples were then quantified at 280 nm 
spectrophotometrically and applied to the middle of the column, capped at both ends 
and followed by incubation for 2 h at RT. After the incubation period subsequent 
washing of the affinity matrix followed with 1 mL of 100 µg/mL of the respective LPS 
used in 10 mM Tris HCl, pH 7.5 six times. The possible LPS-interacting proteins 
were eluted with 1 mL of equilibration buffer and this was repeated six times and 
fractions were quantified at 280 nm spectrophotometrically.  
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3.3.3 MagReSyn™ Streptavidin Magnetic Polymeric Microsphere 
affinity chromatography 
 
The affinity chromatography technique followed is a modification of the 
manufacturer’s instructions and an optimized technique of Vilakazi et al. (2017). A 
similar approach was followed by Giangrande et al. (2013) as illustrated in Figure 
3.4 
 
 
 
Figure 3.4: An illustration of the schematic flow of the binding of avidin beads to the biotinylated 
sample of interest. The avidin beads indicated are similar to the MagReSyn
™
 streptavidin beads used 
in the study. The biotinylation process performed in the study is of a similar nature whereby the LPS is 
biotinylated with a biotin-p-nitrophenylester to result in a biotinylated LPS molecule which is able to 
bind to the streptavidin beads. The human serum, which in this schematic’s case is the sample of 
interest, is bound to the avidin beads which results in the control sample. On the other hand, the 
treated sample is the result of the biotinylated LPS bound to the avidin beads and then further bound 
to the sample of interest (taken from Giangrande et al. 2013).     
 
MagReSyn™ streptavidin beads (ReSyn Biosciences, SA) were vortexed to re-
suspend the microspheres, and 250 µL transferred into a new tube. This was then 
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placed onto a magnetic separator (ReSyn Biosciences, SA) to allow the 
microspheres to clear. The shipping solution was removed by aspiration with a 
pipette. The microspheres were equilibrated in 200 µL binding buffer (10 mM Tris-
HCl, pH 7.5) three times and placed back onto the magnetic separator to allow the 
microspheres to clear. The binding buffer was removed by aspiration with a pipette 
as per the manufacturer’s instructions. Equilibration of the microspheres was 
achieved by adding 200 µL binding buffer and placing the tube on the magnetic 
separator to clear. The binding buffer was removed and the equilibration step 
repeated three times. Once equilibration was completed the absorbance of the 
biotinylated LPS from both of the Xcc 8004 and 8530 strains was measured at 260 
nm spectrophotometrically. Subsequently, 4 mg/mL of the two LPS solutions were 
then respectively bound to microspheres and mixed by continuous agitation for 1 h at 
RT. The tube was then placed onto the magnetic separator and the microspheres 
cleared. The supernatant was removed by aspiration with a pipette and quantified at 
260 nm spectrophotometrically. The microspheres were washed thrice with 500 µL 
binding buffer to remove any unbound biotinylated LPS and the supernatants again 
quantified. A 1 mg/mL stock solution of the PM fractions was prepared and quantified 
at 280 nm spectrophotometrically. These were then added to the MagReSyn™ 
streptavidin microspheres and continuously agitated by shaking for 2 h at RT. 
Following incubation the tube was placed on a magnetic separator in order to clear 
the microspheres. The supernatant was removed and quantified at 280 nm. 
Subsequently, 500 µL of the binding buffer was added five times to the column to 
remove the unbound proteins from the microspheres and the absorbance again 
quantified. After each of the washes the tube was placed onto the magnetic 
separator to allow the microspheres to clear and the supernatants were collected by 
aspiration with a pipette and the absorbance measured at 280 nm. The 
microspheres were washed five times with 500 µL of 1 M NaCl and mixed by 
continuous agitation before being placed onto a magnetic separator to clear in order 
to remove non-specifically bound proteins. The wash supernatant fractions from 
each step were measured spectrophotometrically at 280 nm. To remove further non-
specific interactions an additional wash with 500 µL of 100 µg/mL LPS stock from the 
respective Xcc 8004 and Xcc 8530 bacteria was performed. The proteins bound to 
the biotinylated LPS ligand were eluted with 500 µL of 1% (w/v) SDS in binding 
buffer five times. The microspheres were placed onto the magnetic separator to clear 
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and the absorbance of the LPS-interacting proteins was measured 
spectrophotometrically at 280 nm.  
 
3.3.4 Precipitation of the proteins from affinity chromatography 
 
The protein samples that were obtained from affinity chromatography were pooled 
and concentrated to approximately 1.25 mg/mL by acetone precipitation as 
previously described in section 3.2.8 prior to analysis by liquid chromatography-mass 
spectrometry tandem mass spectrometry (LC/MS/MS). 
 
3.4 Preparation of samples for liquid chromatography-
mass spectrometry (LC/MS) 
 
3.4.1 In-gel sample preparation 
  
3.4.1.1 De-staining and in-gel typsin digestion of 2D SDS-PAGE gels  
 
Following electrophoresis of the protein samples by 2D SDS-PAGE, as described in 
section 3.2.9, and prior to LC/MS/MS, the excised 2D spots of interest were cut into 
1 mm X 1 mm pieces. The gel pieces were destained in a solution of [30 mM 
potassium ferricyanide, K2Fe(CN)6  (Sigma, USA) and 100 mM sodium thiosulphate, 
(Sigma, USA)] dissolved in Millipore water. Excess liquid was removed and the gel 
pieces were dehydrated with acetonitrile, ACN (Burdick & Jackson) and subjected to 
vacuum centrifugation for 5 min. Protein was then reduced by rehydrating the gel 
pieces in 2 mM tris-carboxyethyl phosphine, TCEP (Sigma, USA), made up in 25 
mM ammonium bicarbonate (AmBic) and agitating at room temperature for 15 min. 
Excess liquid was removed and protein alkylated by covering the gel pieces in 20 
mM iodoacetamide, made up in 25mM AmBic, and incubating in the dark at room 
temperature for 30 min. After alkylation gel pieces were washed three times with 25 
mM AmBic at room temperature for 15 min with agitation. Excess liquid was 
removed and gel pieces were dehydrated as before. Protein was digested by 
rehydrating the gel pieces in 0.02 mg/mL trypsin (Promega, USA) made up in 50 mM 
Ambic, ensuring that gel pieces remain covered in solution once rehydrated. Gel 
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pieces were incubated on ice for 1 h and excess liquid was removed. Gel pieces 
were then covered with 50 mM AmBic and digested overnight at 37˚C. After 
digestion excess liquid was transferred to a new tube and the gel pieces were 
soaked in 0.1% (w/v) trifluoroacetic acid (Merck, Germany), for 1 h at 37 ˚C. Excess 
liquid was removed and added to the first extract. Samples were dried down by 
vacuum centrifugation and the buffer replaced by Millipore water. Samples were 
dried down again and re-suspended in [0.1 % (v/v) formic acid, FA (Sigma, USA), 2 
% (v/v) ACN] made up in analytical grade water for LC/MS analysis. 
 
3.4.2 In-solution sample preparation 
  
3.4.2.1 On-bead hydrophilic interaction liquid chromatography (HILIC) digest 
for affinity chromatography samples 
  
Prior to the analysis of the protein samples by in-solution LC/MS/MS the protein 
samples were concentrated by acetone precipitation, redissolved and adjusted to a 
concentration of 1.25 mg/mL. In preparation for the HILIC magnetic bead workflow, 
the supplier’s beads were aliquoted into a new tube and the shipping solution 
removed. Beads were then washed with 250 μL wash buffer [15% (v/v) ACN, 100 
mM ammonium acetate (Sigma, USA), pH 4.5] for one min. This was repeated once. 
The beads were then resuspended in loading buffer [30% (v/v) ACN, 200 mM 
ammonium acetate, pH 4.5]. A total of 50 μg of protein was transferred to a 96-well 
protein LoBind plate (Merck, Germany). Protein was reduced with tris (2-
carboxyethyl) phosphine, TCEP (Sigma, USA) which was added to a final 
concentration of 10 mM TCEP and incubated at 60˚C for 1 h. Samples were cooled 
to RT and then alkylated with methylmethan-ethiosulphonate, MMTS (Sigma, USA) 
which was added to a final concentration of 10 mM MMTS and incubated at RT for 
15 min. HILIC magnetic beads were added at an equal volume to that of the sample 
and a ratio of 5:1 (v/v)  total protein. The plate was then incubated at room 
temperature on the shaker at 900 rpm for 30 min for binding of protein to the beads. 
After binding, the beads were washed four times with 500 μL of 95% (v/v) ACN for 1 
min. For digestion, trypsin, made up in 50 mM triethylammonium bicarbonate, TEAB 
was added at a ratio of 1:10 total protein and the plate was incubated at 37˚C on the 
shaker for 4 h. After digestion, the supernatant containing peptides was removed 
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and dried down. Samples were then re-suspended in LC loading buffer: 0.1% (v/v) 
FA, 2.5% (v/v) ACN prior to analysis by LC/MS/MS.  
 
3.4.3 Liquid chromatography-mass spectrometry (LC/MS) analysis  
 
Analysis of both in-gel and in-solution protein samples were conducted at the Centre 
for Proteomic and Genomic Research (CPGR) in Cape Town. LC/MS analysis was 
conducted with a Q-Exactive quadrupole-Orbitrap mass spectrometer (Thermo 
Fisher Scientific, USA) coupled with a Dionex Ultimate 3000 nano-Ultra performance 
liquid chromatography (UPLC) system. Data was acquired using: Xcalibur v4.1.31.9, 
Chromeleon v6.8 (SR13), Orbitrap MS v2.9 (build 2926) and Thermo Foundations 
3.1 (SP4). Peptides were dissolved in 0.1% (v/v) formic acid, 2% (v/v) acetonitrile 
(Burdick & Jackson) and loaded on a C18 trap column (PepMap100, 300 μm × 5 mm 
× 5 μm). The solvent system employed was solvent A: LC water (Burdick and 
Jackson); 0.1% (v/v) FA and solvent B: ACN containing 0.1% (v/v) FA. Samples 
were trapped onto the column at 2% solvent B and washed for 3 min before the 
valve was switched and peptides eluted onto the analytical column as described 
hereafter. Chromatographic separation was performed with a Waters nanoEase 
(Zenfit) M/Z Peptide CSH C18 column (186008810, 75 μm × 25 cm × 1.7 μm) as 
described below. The multi-step gradient for peptide separation was generated at 
300 nL/min as follows: time change 5 min, gradient change: 2 – 5% Solvent B, time 
change 40 min, gradient change 5 – 18% Solvent B, time change 10 min, gradient 
change 18 – 30% Solvent B, time change 2 min, gradient change 30 – 80% Solvent 
B. The gradient was then held at 80% solvent B for 10 min before returning it to 2% 
solvent B for 5 min. To ensure carryover did not occur between runs, a wash step 
was included at the end of the run which comprised a gradient change of 2-80% 
Solvent B in 35 min. The gradient was held at 80% Solvent B for 5 min before 
returning to 2% Solvent B and conditioning the column for 15 min. All data 
acquisition was performed using Proxeon stainless steel emitters (Thermo Fisher, 
USA).  
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The mass spectrometer was operated in positive ion mode with a capillary 
temperature of 320°C. The applied electrospray voltage was 1.95 kV. Details of data 
acquisition are shown in Table 3.4. 
 
Table 3.4: Details of the data acquisition for MS/MS 
Full Scan  
Resolution 70,000 (@ m/z 200) 
AGC target value  3e6 
Scan range 350-2000 m/z 
Maximal injection time (ms) 100 
Data-dependent MS/MS 
Inclusion Off 
Resolution 17,500 (@ m/z 200) 
Automatic gain control target value 1e5 
Maximal injection time (ms) 50 
Loop count 10 
Isolation window width (Da) 3 
Normalized collision energy (%) 27 
Data-dependent settings  
Underfill ratio (%) 1 
Charge exclusion  Unassigned, 1, 7, 8, >8 
Peptide match Preferred 
Exclusion isotopes On 
Dynamic exclusion (s) 60 
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3.4.4 Data Analysis  
 
The data interrogation was performed using the PMI-Byonic-com v2.6.46 Byonic 
Software (Protein Metrics, USA). The A. thaliana reference proteome was sourced 
from Uniprot, Knowledgebase (UniprotKB, www.uniprot.org) database whereby the 
spectra from peptide fragments resulting from MS/MS were matched. The fragments 
were obtained by collision induced dissociation (CID) low energy. The following 
search parameters were used: trypsin enzyme, cutting at the C-ends of lys and arg; 
the fixed and variable modifications were the carbidomethyl (M), deamidated (NQ) 
and oxidation (Methionine). The maximum number of missed cleavages was 2. The 
precursor mass tolerance was 10 ppm and the fragment mass tolerance was 20 
ppm. The protein False discovery rate (FDR) cut off was 1% and the best score 
range was between 0-1000 where a score of greater than 300 is considered 
significant.   
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CHAPTER 4: RESULTS AND DISCUSSION 
 
4.1 Characterization of LPS chemotypes from 
Xanthomonas campestris pathovar campestris (Xcc 
8004 and Xcc 8530) strains  
 
For the purpose of characterization and quantification of the LPS from the wild-type 
Xcc 8004 and mutant Xcc 8530 strains, a control strain namely Burkholderia cepacia 
(B. cepacia) was included for a means of comparison.  
 
4.1.1 2-Keto-3-deoxyoctonate quantification 
 
The 8-carbon sugar, 2-keto-3-deoxyoctonate, is a common constituent of LPS from 
Gram-negative bacterial species found within the core oligosaccharide and 
exclusively in the inner core of LPS, which makes it an ideal candidate for detection 
and quantification of LPS. According to Lam et al. (2014), Kdo is bound to the lipid A 
portion of the LPS by an acid-labile ketosidic linkage and can be released by mild 
acid hydrolysis, however, in some cases strong acid hydrolysis will be required to 
release the Kdo content for detection. LPS from Xcc 8004, Xcc 8530 and B. cepacia 
was  treated by acid hydrolysis and prepared as described in section 3.1.3.1, and 
measured spectrophotometrically at 551 nm. Kdo standards (2 - 20 µg/ mL) were 
used to prepare a standard curve as depicted in the representative standard curve in 
Figure 4.1 from which the concentration of Kdo released from the LPS chemotype 
samples was determined.  
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Figure 4.1: A representative standard curve of the concentration of Kdo (µg/mL) vs. the absorbance 
measured spectrophotometrically at 551 nm. Three replicates of the Kdo assay were completed as 
represented by means of the standard deviation, and the values of B. cepacia, Xcc 8004 and Xcc 
8530 extrapolated. 
 
The values of Kdo obtained in Table 4.1 represents the amount of Kdo present per 
mg of LPS for each of the samples. The value obtained for LPS from Xcc 8004 and 
Xcc 8530 was similar to that of the control, B. cepacia.  
 
4.1.2 Carbohydrate content quantification 
 
The core oligosaccharide and O-chain polysaccharide moieties together comprise 
the carbohydrate region of LPS consisting of a series of sugars, and repeating 
oligosaccharide units (Silipo et al., 2005; Newman et al., 2013). The conserved 
nature of the LPS carbohydrate region allows the characterization of the LPS 
chemotypes from Xcc 8004, Xcc 8530 and B. cepacia. Glucose standards with a 
concentration series of 20 - 80 µg/mL were used to construct a standard curve 
illustrated in Figure 4.2 and the determination was performed as described in 
section 3.1.3.2.The carbohydrate content of the respective LPS samples was 
quantified from the standard curve.  
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Figure 4.2: A representation of a standard curve for glucose determination of the carbohydrate 
content of LPS from B. cepacia and LPS chemotypes (Xcc 8004 and Xcc 8530). The concentration of 
the glucose standards ranged from 20 - 80 µg/mL, and the error bars represent the standard deviation 
of three independent experiments which were performed and measured spectrophotometrically at 485 
nm.  
 
The value for the carbohydrate content of the LPS represents the sugar content 
present within the core polysaccharide and the O-chain polysaccharide. The value 
tabulated in Table 4.1 for B. cepacia correlated well with that obtained by Coventry 
and Dubery (2001) which was reported to be 0.87 mg/mg. The carbohydrate content 
of LPS from Xcc 8004 was roughly half that of the control while for the LPS from Xcc 
8530 was half the value of LPS from Xcc 8004. In this regard, the value of LPS from 
B. cepacia and Xcc 8004 consisted of both the core oligosaccharide and the O-chain 
polysaccharide, whereas the LPS from Xcc 8530 consists of only the core 
oligosaccharide. According to Silipo et al. (2005) and Steffens et al. (2016), the Xcc 
bacterial strains consist of an outer core which is mainly made up of hexoses which 
form an oligosaccharide. The types of hexoses differ in different species and the 
number of hexose units may also differ. This could account for the differences in the 
values obtained between the different LPS strains. Also, according to Newman et al. 
(2013) the core of mutant 8530 LPS strain has been truncated and is defective in 
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core completion. This could suggest the reason as to why Xcc 8530 had the lowest 
carbohydrate content.  
4.1.3 Amido Black assay for protein quantification 
  
The Amido Black assay was used to determine the protein content within the two 
LPS chemotypes (Xcc 8004, 8530) and B. cepacia as described in section 3.1.3.3. 
The assay proved to be highly reproducible and sensitive. Proteins in a compatible 
sample buffer are spotted onto nitrocellulose allowing the Amido Black dye to bind at 
a pH of 6.3 and stain the protein. Excess dye is completely eluted from the proteins 
by sodium hydroxide and the protein absorbance is determined 
spectrophotometrically at 600 nm. This served as a measurement of the quantity of 
protein present within each of the samples (Schulz et al., 1994; Schuppert and 
Schnittler, 1997).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3: A representative standard curve for protein quantification using the Amido Black assay 
with a concentration range of 0.625 - 10 mg/mL BSA as standard. The standard deviation is a 
representation of three independent experiments measured spectrophotometrically at 600 nm. The 
protein content of the LPS from the various strains was determined from the standard curve. 
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The protein concentration in each of the samples was determined from the equation 
obtained from the standard curve (Figure 4.3) and, a stock solution of 1 mg/mL LPS 
for all three LPS chemotypes resulted in 0 mg/mL protein content as indicated in 
Table 4.1. These results thus confirmed that the effects of LPS treatment on plants 
are due to the lipoglycan molecule alone and not due to the contamination of 
proteins, which could have occurred during the isolation of LPS process. 
 
Table 4.1: Characterization of the LPS from B. cepacia and Xcc chemotypes (8004 and 8530).  
 
 
4.1.4 One-dimensional (1D) SDS-PAGE analysis of LPS 
 
Stock solutions (1 mg/mL) of the LPS chemotypes (Xcc 8004, Xcc 8530 and B. 
cepacia) were prepared as described in section 3.1.3.4. SDS-PAGE analysis has 
been used extensively for the study of LPS (Formsgaard et al., 1990; Maskell, 1991; 
Tan and Grewal, 2002), and the discontinuous system has proved useful for 
separation of the components. According to Maskell (1991), the LPS of some 
organisms are more difficult to resolve, especially those with rough LPS or R-form 
LPS. SDS-PAGE gels were stained by use of the silver-periodate method which has 
been extensively used as a means of staining and visualising LPS on such gels (Tsai 
and Frasch, 1981; Tan and Grewal, 2002). A modification of two silver staining 
procedures were performed as described in section 3.1.3.4.3, and a method 
specifically for R-form or lipooligosaccharides (LOS) was used taking the LPS from 
Xcc 8530 into account.  A common ladder-like banding pattern was observed for the 
LPS from B. cepacia characteristic of Gram-negative bacteria. LPS from Xcc 8004 
indicated the three characteristic regions/ moieties, whilst the banding pattern of the 
LPS from Xcc 8530 was significantly different. 
 
 
 B. cepacia Xcc 8004 Xcc 8530 
Kdo content 
 (µg/mg LPS) 
31.4 29.2 33.1 
Carbohydrate content 
(mg/mg LPS) 
0.8  0.4  0.2  
Protein content  
(mg/mL) 
0 0 0 
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Figure 4.4: A 12.5% SDS-PAGE gel of lane LPS from B. cepacia, Xcc 8004 and Xcc 8530.  Stock 
solutions of 1 mg/mL each of the LPS were prepared by diluting 1:1 (v/v) with sample buffer, and 30 
µL was loaded and electrophoresed. The LPS banding patterns obtained were visualized by silver-
periodate staining whereby the carbohydrates were oxidized by periodic acid. The components of 
LPS are indicated on the gel. 
 
The LPS gel obtained (Figure 4.4) showed distinctive banding patterns for the LPS 
from B. cepacia, Xcc 8004 and Xcc 8530. The three different regions indicated for 
LPS from B. cepacia are indicative of the banding pattern of Gram-negative bacterial 
species and coincide with the findings of Coventry and Dubery (2001). The LPS from 
Xcc 8004 showed Gram-negative species-specific banding pattern with all three 
moieties present. This result was expected due to its similarity to the wild-type strain 
Xcc B100 which had a similar banding pattern (Steffens et al., 2016). The LPS 
chemotype from Xcc 8530, which is the mutant form of the wildtype Xcc 8004, has a 
different banding pattern, and displays no O-chain polysaccharide which is typical of 
an lipooliogosaccharide (LOS) as well as there being a truncated core 
oligosaccharide visible, with a larger band indicating the lipid A region. In support, 
Lipid A 
Core 
Oligosaccharide 
O-chain 
B.cep Xcc 8004 Xcc 8530 
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according to Silipo et al. (2008) the Xcc 8530 LPS chemotype is defective in its core 
completion and there is a modification in the Lipid A region. 
4.1.5 Biotinylation and derivatization of LPS 
 
Prior to the MagReSyn™ streptavidin affinity chromatography, the LPS chemotypes 
from Xcc 8004 and Xcc 8530 were biotinylated in a similar manner to that of 
Salmonella typhimurium described in section 3.1.4 and in accordance with 
Giangrande et al. (2013). Subsequent to LPS biotinylation, a 2 mg/mL stock solution 
of the chemotypes was prepared and a 12.5% SDS-PAGE gel was loaded with 15 
µL of the biotinylated Xcc 8004 and Xcc 8530 LPS in order to validate the procedure. 
The biotin binds to the polysaccharide region (O-chain) and the Lipid A region of the 
LPS (Odeylae and Kang, 1988; Giangrande et al., 2013) as illustrated in Figure 4.5. 
The carbohydrate residues of LPS are modified to aldehydes which facilitate the 
binding of the biotin. The biotinylation treatment resulted in a smear in the region of 
the O-chain polysaccharide due to the involvement of the aldehyde groups in the 
biotinylation step (Meikle et al., 1990; Dundas et al., 2013). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.5: A 12.5% SDS-PAGE gel of the biotinylated Xcc 8004 and Xcc 8530 LPS chemotype. Two 
mg/mL of the LPS samples were prepared, electrophoresed at 12-15 mA and subsequently silver 
stained.  
O-chain  
Lipid A 
Xcc 8004 Xcc 8530 
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4.2 Isolation and verification of the plasma membrane 
(PM) fraction from Arabidopsis thaliana following LPS 
treatment 
 
The PM functions as a living barrier between the plant cell and its environment, and 
is characterized by a non-uniform lipid bilayer with a homogenous distribution of both 
the integral membrane and PM-associated proteins (Barua et al., 2016). Many of the 
plant PRRs, which are the RLKs and RLPs proteins involved in immune and defense 
responses, have been identified either on or associated with the PM such as the 
flagellin receptor, FLS2, and the lectin-S-domain receptor kinase, LORE, which is 
known to specifically mediate LPS sensing in Arabidopsis (Macho and Zipfel, 2014; 
Ranf et al., 2015, Ranf, 2016; Tang, 2017).The PM was therefore the focus of this 
study since it is speculated that the LPS receptor/receptor complex may be localized 
within the PM. 
  
The isolation and the purification of the PM are essential in the characterization and 
identification of the proteins of interest for functional characterization of the role 
played during e.g. stress responses. Valuable information of plant immune 
responses and MAMP-triggered immunity can thus be determined, and ultimately 
contribute to the development and improvement of plant defense strategies 
(Alexandersson et al., 2004; Marmagne et al., 2004; Newman et al., 2013). 
Enrichment of the PM fraction proteome is important as this will enable efficient 
proteomic analysis of the associated proteins that are present in tissue extracts 
(Zhao et al., 2004; Yadeta et al., 2013).  
 
Aqueous two-phase partitioning is the most common and optimal method used to 
obtain enriched PM fractions. However, due to it being technically challenging and 
requiring large amounts of starting material, an alternative small scale procedure 
was used, sucrose-density gradient centrifugation for the enrichment and isolation of 
the PM (Zhang and Peck, 2011). As such, the isolation of the PM-associated fraction 
from A. thaliana leaf tissue was performed by the sucrose-gradient density 
centrifugation as described in section 3.2.3. Giannini et al. (1988) has previously 
shown this method to be as effective and reproducible as the aqueous two-phase 
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partitioning method in isolating and enriching the PM. The isolated fractions of the 
homogenate (HM), microsomal fraction (MF) and plasma membrane (PM) obtained 
were re-suspended in a 2X SDS sample buffer as described in section 3.2.5. 
Subsequent to isolation of the fractions, the Amido Black assay was performed to 
determine the protein concentration of all samples and thereafter a 12% SDS-PAGE 
gel was prepared and the fractions electrophoresed as described in section 3.2.5 
 
4.2.1 Protein quantification of the isolated PM fraction using the 
Amido Black assay 
 
The Amido Black assay was used to quantify the protein concentration of the PM 
samples alongside the homogenate (HM) and microsomal (MF) fractions since this 
procedure was compatible with the buffer in which the samples were re-suspended. 
Three independent experiments were performed of the three biological replicates 
and Figure 4.6 is a representative standard curve using BSA as standard. 
Subsequently, 20 µg of protein sample of the HM, MF and PM fractions were 
electrophoresed on 12% SDS-PAGE gels.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.6: A representative standard curve of three independent experiments using BSA as 
standard. The protein concentrations of the various fractions (HM, MF, and PM) were extrapolated 
from the standard curve of BSA concentrations ranging from 0.625 - 10 µg/mL. The absorbance of the 
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protein samples was read on a spectrophotometer at 600 nm. This was routinely performed to 
determine the protein concentration of each isolation fraction for each biological repeat. 
 
4.2.2 Gel-based analysis of the PM isolation 
 
Subsequent to the quantification of the proteins in the isolated HM, MF and PM 
fractions, the samples were electrophoresed on a 12% SDS-PAGE gel. Figure 4.7 
depicts successful enrichment by the reduction in the number of bands and relative 
intensity thereof across the various fractions subsequent to isolation by the sucrose-
density gradient centrifugation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.7: Isolation of the PM fraction by the small scale sucrose-density gradient centrifugation. A) 
The PM (dark green) interface between the two-sucrose density gradients. B) A representative 
12%SDS-PAGE gel subsequent to sucrose-density gradient isolation showing the three isolated 
fractions; lane 1:  the Broad Range protein marker, lane 2: HM fraction, lane 3: MF fraction and lane 
4: PM fraction. Subsequent to protein quantification 20 µg of each of the fractions was loaded onto the 
gel followed by electrophoresis at 90 V. 
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4.2.3 The H+-ATPase assay 
 
H+-ATPase is an important electrogenic pump associated with the PM and drives the 
movement of the inorganic phosphate (Pi) through hydrolysis of ATP combined with 
proton pumping across the PM (Shen et al., 2006; Falhof et al., 2016; Janicka et al., 
2018). These features of the H+-ATPase assay enable the measurement of the 
activity of the rate of ATP hydrolysis by means of the release of inorganic Pi as 
determined by colorimetry (Janicka et al., 2018). The principle of the colorimetric 
assay is a reaction in which the inorganic phosphate reacts with phospho-molybdate 
which is reduced by ascorbic acid to produce a deep-blue coloured complex called 
molybdenum (Kafewa and Katyare, 2003). The H+-ATPase assay was thus 
employed to validate the successful isolation of the PM fraction alongside the HM 
and the MF fractions for further downstream analyses. The activity of the H+-ATPase 
of each of the fractions was measured spectrophotometrically at 820 nm for optimum 
colour development of the molybdenum complex according to the method described 
in section 3.2.7.1 and presented in Figure 4.8. A standard curve of phosphate was 
constructed in order to calibrate the liberation of the inorganic Pi from which the 
ATPase activity of the fractions could be measured from the increase in absorbance 
values with the increase in liberated inorganic Pi.   
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Figure 4.8: A representative assay showing the H
+
-ATPase activity in nmol/mg of the three isolated 
fractions over time. The increase in the H
+
- ATPase activity is measured by the hydrolysis of ATP 
whereby the liberation of an inorganic Pi is measured over a period of time.  The blue line represents 
the H
+
-ATPase activity of the homogenate (HM) fraction, the red line represents the activity of the 
microsomal fraction (MF) and the green line represents the plasma membrane fraction (PM). The 
error bars represent the standard deviations of three independent experiments for each of the 
fractions.  
   
The curve that represents the PM fraction shows the highest liberation of inorganic 
Pi and is indicative of majority of the H+-ATPase activity present (Giannini et al.,  
1988). The enriched sealed membrane vesicle preparation method as explained in 
section 3.2.3 enables the inside out orientation of the vesicles and prevents the 
cross-contamination of other ATP dependent proton transport systems according to 
Giannini et al. (1988). The membrane’s apoplastic side is exposed and upon the 
addition of Brij 58 in the reaction solution enables it to be turned out, exposing the 
membrane’s cytoplasmic side, and hence detecting the activity of higher H+-ATPase 
in the PM fraction where there is little to no contamination from other organelle 
proteins. When comparing the HM and MF fractions to the PM, the curve of H+-
ATPase activity is not obtained and minimal ATPase activity detected. This can be 
attributed to Brij 58 having a reduced effect due to organelle contamination present 
and furthermore not achieving the inside out orientation. The activity that is detected 
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is due to the native ATPase’s namely the F0F1 ATPases present in the mitochondria 
and chloroplasts of the HM and the H+-translocating ATPases in addition to the 
vacuolar-type H+ pumping ATPase present in the Golgi and vacuole of the MF 
(Giannini et al., 1988; Palmgren et al., 2011). The increased activity in the PM 
compared to the HM and MF fractions by sealed membrane vesicle preparation 
indicate successful isolation of the PM. 
 
4.2.4 Western blot analysis for the detection of MAPK activity 
 
The perception of PAMP/MAMP elicitor signals activates an early signaling cascade 
of mitogen activated protein kinases (MAPKs) which function downstream from the 
PRRs (Vidhyasekaran, 2014; Krysan and Colcombert, 2018). The mechanism of 
MAPK cascades are able to resist or tolerate stresses from biotic origin by 
transcriptional reprogramming of the expression of genes in order to manage the 
pathogen infection (Bigeard and Hirt, 2018; Jagodzik et al., 2018). Three signaling 
modules namely MAPKKK, MAPKK and MAPK result in a MAPK cascade whereby 
dual phosphorylation of a serine/threonine and tyrosine residues sequentially 
activates the next kinase cascade (Jagodzik et al., 2018). The plant MAPKs are 
localized in the cytoplasm and the nucleus, and are responsible for many processes 
which include growth, development and stress responses (Jagodzik et al., 2018). 
Immunoblotting as described in section 3.2.7.2 was employed to detect the 
presence of the MAPK in the three isolated fractions (HM, MF and PM) subsequent 
to treatment with LPS  from Xcc 8004 and Xcc 8530 using an anti-active antibody in 
order to validate the purity of the isolated PM fraction.  Figure 4.9 is a depiction of 
the Western blot analysis showing the presence of MAPK activity detected in the 45 
kDa range. A decrease in the presence of MAPK in the PM as compared to the HM 
and MF fractions was observed.  
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Figure 4.9: A representative Western blot analysis with A) showing the presence of the MAPK 
detected in the 45 kDa range for the various fractions namely homogenate (HM), microsomal fraction 
(MF) and plasma membrane (PM) using anti-active MAPK antibody, and B) an Amido Black stained 
nitrocellulose membrane serving as a loading control. Equal concentrations of the three fractions were 
loaded to show that the lack of the MAPK activity present in each fraction was not due to the 
absence/unequal loading of proteins. 
 
The presence of MAPK activity in the PM showed a significant decrease in 
comparison to the HM and the MF fractions. As previously mentioned, MAPKs are 
localized in the cytoplasm and the nucleus thus it would be evident that the presence 
of the MAPK activity would be the highest in the HM fraction with reduced MAPK 
activity detected in the MF samples, and ideally the PM should not contain any 
MAPK activity after extraction. There was minimal detection of MAPK in the PM, 
which could be due to contaminating proteins as can be expected from the small 
scale density gradient centrifugation. However, due to the observable differences of 
the other two fractions this can be considered negligible and hence validates the PM 
fraction for use in downstream analysis. For the purpose of this study, it is important 
to note that a PM-associated fraction is of more interest than a pure PM fraction. The 
goal was not to achieve absolutely pure PM fractions but also to include proteins that 
are loosely associated with the PM that may play important roles in membrane-
specific recognition sites, and thus part of an associated receptor complex for LPS 
perception.  
 
 
  HM          MF      PM 
A) 
B) 
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4.3 One-dimensional (1D) SDS-PAGE analysis of the A. 
thaliana protein fractions subsequent to the treatment 
with LPS chemotypes  
  
The PM-associated proteins have a wide range of properties such as heterogeneity, 
hydrophobicity and relatively low abundance. In addition, the PM is 
compartmentalized within micro-domains and proteins embedded within the lipid 
bilayer (Marmagne et al., 2004; Yadeta et al., 2013; Zauber et al., 2014). These 
properties often make proteomic analysis of the PM a challenging task and the 
analysis often leads to an under-representation of the associated proteome. 
Advances in proteomics, such as enrichment of the proteins which are specific only 
to the PM have facilitated the analysis of the associated proteome (Yadeta et al., 
2013). However, cross-contamination with the mitochondrial, chloroplastic and 
endoplasmic reticulum membrane is possible during the isolation strategy. Twenty 
µg of each of the fractions were electrophoresed on 12% 1D SDS-PAGE gels 
subsequent to protein quantification by the Amido Black assay as indicated in 
section 3.2.5.  A representative set of gels relative to the respective controls is 
shown for the 24 h for each of the LPS chemotype treatments (Xcc 8004 and Xcc 
8530) as indicated in Figure 4.10 for the first biological repeat. The gels from the 
different time points for the first and second biological repeats are presented in the 
Supplementary File in Figure S1 and Figure S2. The control (untreated), samples 
following treatment with LPS from Xcc 8004 and samples subsequent to treatment 
with LPS from Xcc 8530 are shown alongside each other for comparative purposes 
in order to verify the PM isolation by small scale sucrose density gradient 
centrifugation. The intensity of the proteins in the PM fraction were analysed by 
means of densitometric analyses for the first biological repeat with a representative 
24 h illustrated in Figure 4.11, with the remainder of the time points in the 
supplementary section in Figure S3.                
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Figure 4.10: Representative 12% 1D SDS-PAGE gels of the respective 24 h treatment time point with i) indicating the untreated, control sample followed by 
ii)  Xcc 8004 LPS-treated samples and iii)  Xcc 8530 LPS-treated samples from A. thaliana leaves. Twenty µg each of the homogenate (HM), microsomal 
(MF) and plasma membrane (PM) fraction was loaded alongside the broad range (5-250 kDa) unstained protein markers.  
 
 
i) Control ii) Xcc 8004 ii) Xcc 8530 
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Figure 4.11: Representative lane intensity graphs obtained by densitometric analysis of the 12% 1D SDS-PAGE samples from the PM fractions for the 24 h-
treated A. thaliana samples, with A) untreated control, B) Xcc 8004 LPS chemotype-treatment and C) Xcc 8530 LPS chemotype-treatment with each 
comparing the lanes for the i) HM, ii) MF and iii) PM fractions by the intensity and number of bands. The densitometry was performed using ImageLab™ 
software viewed on a ChemiDoc™ MP Imager. The x-axis represents the Rf or relative migration value and the y-axis represents the intensity of the bands.
A) B) C) 
i) 
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The 1D SDS-PAGE gels (A-E) in Figure 4.10 in conjunction with the intensity plots in 
Figure 4.11, obtained with ImageLab™ software (to affirm the intensity of the bands 
in the PM fraction), indicates that the isolation of the PM subsequent to the treatment 
by LPS chemotypes Xcc 8004 and Xcc 8530 was successful as observed by the 
reduction in the number of bands as well as the intensity of the lanes in the PM 
fraction.  
 
4.4 Two-dimensional (2D) SDS-PAGE gel-based analysis 
and identification of the PM-associated proteome prior 
to enrichment strategies 
 
2D SDS-PAGE gel-based proteomics was used as a means to further analyse the 
effect of LPS chemotype-treatment from Xcc 8004 and Xcc 8530 on the PM-
associated fraction of A. thaliana and to identify LPS-responsive proteins prior to 
enrichment strategies. According to Rabilloud and Lelong, (2011), 2D gel 
electrophoresis is a technique used for separating individual proteins from a complex 
sample based on isoelectric points (pI) and molecular weights (MW). Proteins are 
more efficiently separated by 2D than 1D SDS-PAGE due to the fact that it is unlikely 
that different proteins would have the same pI and MW, thereby allowing 
identification. Thus, this technique stands superior to 1D gel proteomics with regard 
to resolution in that each spot is visualized as a single protein (Magdeldin et al., 
2014). Coupling 2D gel electrophoresis with immobilized pH gradients such as that in 
the broad and narrow pH ranges aims to provide higher resolutions, improved 
reproducibility, robustness and a higher loading capacity when the gels are prepared 
(Joshi and Patil, 2017). This approach thus serves as a compatible platform for 
further subsequent analysis and detection, and includes liquid chromatography 
coupled to mass spectrometry protein identification.   
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4.4.1 Broad range 2D SDS-PAGE analysis 
 
Initially, broad range 2D SDS PAGE gels were analyzed to determine the pH-range 
in which electrophoretically differential proteins would resolve, as well as to 
determine the PM-associated proteins that were not necessarily differentially distinct 
during 1D SDS PAGE gel analysis.  Acetone precipitation as described in section 
3.2.8 was employed to simultaneously concentrate dilute protein solutions and to 
remove any interfering substances prior to 2D SDS-PAGE gel analysis as described 
in section 3.2.9. Here, maximum concentrations of 100 µg total protein from A. 
thaliana PM fractions was loaded, for each of the treatment time points as well as the 
respective controls, onto broad range non-linear (NL) pH 3-10 IPG strips in order to 
obtain optimal resolution.  Figure 4.12 displays a silver-stained representative broad 
range gel set of the untreated control alongside the A. thaliana PM-associated 
fraction subsequent to treatment with LPS chemotypes (Xcc 8004 and Xcc 8530). 
The 2D SDS-PAGE gels for the remaining time points (0, 6, 12 and 24 h) are shown 
in the supplementary Figure S4.  It was observed that the proteins clustered towards 
the centre of the pH range and hence necessitated the need of a further narrow pH 
range inclusion.  
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Figure 4.12: Representative 12%  broad range (pH 3-10) 2D SDS PAGE of the PM fraction comparing the i) control to each of the LPS chemotype treatments 
ii) Xcc 8004 and iii) Xcc 8530 for the 18 h time point.  A 100 µg total protein sample from the respective PM-associated fractions was loaded onto non-linear 
(NL) pH 3-10 immobiline (IPG) strips for isoelectrofocusing (IEF) in the first dimension and further subjected to SDS-PAGE analysis in the second dimension. 
i) Control  ii) Xcc 8004  ii) Xcc 8530  
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4.4.2 Narrow range 2D SDS-PAGE analysis 
 
On the basis of the central clustering noted in the broad range, a narrow range 2D 
SDS-PAGE analysis, as described in section 3.2.9, was employed to enable a 
greater separation of the proteins, hence obtaining a more accurate analysis of the 
electrophoretically distinct PM-associated protein profiles subsequent to the 
treatment of A. thaliana with Xcc 8004 and Xcc 8530 LPS chemotypes. Narrow 
range 2D SDS-PAGE analysis disperses the number of proteins with isoelectric 
points across the entire area of the 2D gel which allows proteins to be separated with 
a higher resolution (Issaq and Veenstra, 2008). A maximum concentration of 100 µg 
was loaded onto narrow range pH 4-7 non-linear (NL) IPG strips for the LPS 
chemotype-treated PM-associated samples and the respective controls. Figure 4.13 
displays silver-stained 2D SDS-PAGE gels and PM-associated proteins that are 
electrophoretically and densitometrically distinct for the time study following 
treatment with LPS chemotypes (Xcc 8004 and Xcc 8530). Subsequent to silver-
staining, the gels were visually scrutinized and compared, and electrophoretically 
distinct spots/proteins of interest were excised and analyzed by LC/MS/MS. 
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Figure 4.13: The comparative analysis of 12% 2D SDS-PAGE gels for the time study (A: 0 h, B: 6 h, C: 12 h, D 18 h, E: 24 h) of the A. thaliana PM-
associated fraction treated with LPS chemotypes from ii) Xcc 8004 and iii) Xcc 8530 alongside i) the respective controls. One hundred µg total protein from 
the PM sample was loaded onto a narrow-range pH 4-7 NL IPG strip followed by IEF in the first dimension and SDS-PAGE in the second dimension. The 
electrophorectically distinct protein profiles from treated fractions are compared to the untreated control (initial state) at the specific molecular weight markers 
(kDa), and are indicated by red arrows (↑): for LPS chemotype Xcc 8004 treated A. thaliana PM and blue arrows (↑): for LPS chemotype Xcc 8530 treated A. 
thaliana PM. The green rectangles (A1-A20) indicate the spots that were excised for identification by LC/MS/MS.  
E) 
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4.4.2.1 Identification of the non-enriched PM-associated LPS-responsive 
proteins from 2D SDS-PAGE analysis following treatment with LPS 
chemotypes  
 
The protein spots on the two dimensional gels that were thought to have been 
electrophoretically distinct following treatment with the Xcc 8004 and Xcc 8530 LPS 
chemotypes necessitated the need for identification by means of LC/MS/MS. 
Subsequently the samples (A1-20) were prepared and subjected to LC/MS/MS with 
the conditions as described in section 3.4.3. Once the mass spectra of the 
fragmented peptides were obtained, they were analyzed by the Byonic™ software 
where the mass spectra of the peptides were searched against a database resulting 
in peptide spectrum matches (PSMs). The PSMs were then ranked for significance 
and confident identifications according to two plots namely; the score plot and the 
mass error loadings plot (Figure S6). The score plot indicates the variation that 
exists between the two groups of data (forward and reverse proteins) separated by 
the score ranking resulting in the variable selection and the differentially abundant 
proteins. The VIP method or variable importance in projection is responsible for the 
variable selection whereby the proteins are ranked based on their contribution to the 
total variation. It sets a threshold for selecting variable and differentially abundant 
proteins with a VIP score greater than 1 (Chong and Jun, 2005; Tsolis and 
Economou, 2017). The value of 1 adds greatly to the significance of the protein as it 
represents the log probability thereof which is one of two parameters that guide 
significant and confident protein identifications. The second is the Byonic score 
significance according to the Byonic™ software. The two parameters are used in 
conjunction to determine the confident identifications of the differential proteins in 
order to greatly increase the significance. The obtained dataset was then compared 
to the peptides of the UniprotKb database to identify the proteins solely on or 
associated with the PM of Arabidopsis. The significant proteins identified from the 
excised spots of the 2D SDS-PAGE gels are tabulated in Table 4.2 for the time 
study and the respective treatments with LPS chemotypes (Xcc 8004 and Xcc 8530), 
and listed according to functional categories. 
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Table 4.2: The electrophoretically distinct 2D SDS-PAGE gel spots/proteins that were identified by LC/MS/MS subsequent to the treatment of A. thaliana with the 
two LPS chemotypes from Xcc 8004 and Xcc 8530 for all the respective time points (6, 12, 18 and 24 h). The proteins are arranged by functional categories.  
Sample numbera  Proteinb  Accession 
numberc  
Calculated 
Massd (M+H) 
Mass 
errore 
(ppm) 
Byonic™ 
scoref  
|log 
probability|g  
Perception and signalling 
A1 BRI1 kinase inhibitor 1 Q9FMZ0 1586.770 108 156.80 1.25 
A2, A18 Plasma membrane-associated cation-binding protein 1 Q96262 1146.641 1.2 395.90 6.80 
A2, A18 Plasma-membrane associated cation-binding protein 1  F4JUT9 1146.641 1.2 395.90 6.80 
A2 
Probable LRR receptor-like serine/threonine-protein kinase 
At1g53420 C0LGG7 1671.822 0 3.7 0.54 
A3 
General regulatory factor 10/ 14-3-3 protein/ 14-3-3-like protein 
GF14 omega F4I1C1 1316.659 -2.3 205.90 2.06 
A3 Putative GTP-binding protein ara-3  Q9FJF1 1316.659 -2.3 205.90 2.06 
A5 Phospholipase D alpha 1 Q38882 1231.635 1.5 353.00 4.49 
A9 Fasciclin-like arabinogalactan protein 8  O22126 1348.784 0.6 125.10 1.65 
A9 Fasciclin-like arabinogalactan protein 10 Q9LZX4 1348.784 0.6 125.10 1.65 
A10 Probable LRR receptor-like serine/threonine-protein kinase  C0LGS3 1047.459 -5.0 121.20 1.04 
A12 Meristematic receptor-like kinase A0A1I9LMR2 1177.585 2.3 120.00 0.35 
A17 Fasciclin-like arabinogalactan protein 13 Q9FFH6 990.573 0.3 169.80 2.52 
A19 General regulatory factor 1 F4JJ94 1189.661 -0.1 354.70 6.89 
A20 Plant intracellular Ras-group-related LRR protein 2  Q9LRV8 1003.561 -3.6 104.50 0.61 
A13 Receptor protein kinase-like protein ZAR1 Q9ZU46 870.541 0.1 115.60 0.61 
Defense and stress response 
A2, A5,A8,A9, A14, Myrosinase-binding protein 1 Q9SAV0 3033.414 1.0 730.60 88.23 
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A16, 17, A18, A4 
A2, A5,A6, A8, A14, 
A16, A17, A4, A9, 
A18, A6 Jacalin-related lectin 35  O04309 2383.192 0.8 724.80 87.38 
A2, A8, A9, A14 Mannose-binding lectin superfamily protein A0A1I9LQM9 1359.788 0.4 235.00 2.81 
A4 Jacalin-related lectin 23 O80948 1267.621 0.0 110.60 1.51 
A4 Jacalin-related lectin 23 A0A1P8AXC4 1267.621 0.0 110.60 1.51 
A5, A8, A18, A20 Myrosinase 1 P37702 1744.865 -0.4 493.20 25.73 
A5, A19 Heat shock protein 70 (Hsp 70) family protein A0A1P8BF32 1659.895 0.0 331.00 7.25 
A5, A19 Heat shock protein 70 (Hsp 70) family protein  F4K007 1659.895 0.0 331.00 7.25 
A15 Dehydrin COR47  P31168 1215.683 0.6 185.30 1.06 
A15 Dehydrin ERD14 P42763 1263.658 0.8 168.80 1.19 
A15, A19 Germin-like protein subfamily 3 member 3  P94072 2188.176 -0.5 454.00 5.72 
Membrane trafficking and transport 
A2, A19, A9, A17 ATPase, F1 complex, alpha subunit protein F4IMB5 1330.758 0.6 338.90 7.65 
A3 Ras-related protein RABE1a O24466 1316.659 -2.3 205.90 2.06 
A3 Ras-related protein RABE1c P28186 1316.659 -2.3 205.90 2.06 
A3 ATPase, F1 complex, alpha subunit protein  F4IMB5 1043.573 1.2 286.70 7.97 
A7 Ras-related small GTP-binding family protein  A0A1P8B388 1041.630 0.2 144.80 1.43 
A7 Ras-related protein RABA1f  Q9FJH0 1333.747 0.6 508.50 8.87 
A7, A19 Ras-related protein RABA1c Q9FK68 1333.747 0.6 508.50 8.87 
A7 Ras-related protein RABA1g Q9LK99 1333.747 0.6 508.50 8.87 
A7 Ras-related small GTP-binding family protein A0A1P8B381 1041.630 0.2 144.80 1.43 
A8, A9 NADH dehydrogenase (ubiquinone) B9DFQ9 1631.875 -0.8 216.70 6.25 
A17 Patellin-2 Q56ZI2 1100.635 1.9 178.10 3.21 
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A17 Patellin 2  A0A1P8ANK1 1100.635 1.9 178.10 3.21 
A18 NADH-ubiquinone dehydrogenase B9DFQ9 1341.764 -1.4 199.50 2.23 
A19 Ras-related protein RABA1e O49513 1274.612 -0.1 323.20 4.61 
A19 Ras-related protein RABG3e Q9XI98 1187.621 -0.7 397.50 8.80 
A19 Adenine phosphoribosyl transferase 3 A0A1P8B6N4 1471.867 0.3 429.70 6.13 
A19 Adenine phosphoribosyl transferase 1  F4HSX1 1471.867 0.3 429.70 12.51 
A19 DNA repair ATPase-like protein Q9ZQ26 1290.690 2.5 344.60 4.75 
Structure 
A1, A2, A3, A7, 
A17, A18 Annexin D1 Q9SYT0 2243.146 -0.9 834.20 135.85 
A6, A17 Probable elongation factor 1-gamma 2  Q9FVT2 2039.081 -0.2 323.20 5.27 
A9, A15 Annexin D1 Q9SYT1 1685.798 0.1 703.50 11.83 
A16 Protein SCAR3 Q9LP46 1314.774 0.8 103.30 0.93 
A17 Tubulin beta-1 chain P12411 1139.694 -0.3 211.70 2.26 
A17 Tubulin beta-4 chain P24636 1139.694 -0.3 211.70 2.26 
A17 Tubulin beta-5 chain P29513 1139.694 -0.3 211.70 2.26 
A17 Tubulin beta-6 chain P29514 1139.694 -0.3 211.70 2.26 
A17 Tubulin beta-7 chain P29515 1139.694 -0.3 211.70 2.26 
A17 Tubulin beta-8 chain P29516 1139.694 -0.3 211.70 2.26 
A17 Tubulin beta-9chain P29517 1139.694 -0.3 211.70 2.26 
A17 Tubulin beta-2 chain Q56YW9 1139.694 -0.3 211.70 2.26 
A17 Tubulin beta-3 chain Q9ASR0 1139.694 -0.3 211.70 2.26 
A18 Tubulin alpha-2 chain B9DGT7 1701.906 0.5 269.50 6.74 
A18 Tubulin alpha-5 chain B9DHQ0 1701.906 0.5 269.50 6.74 
A18 Tubulin alpha-6 chain P29511 1701.906 0.5 269.50 6.74 
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A18 Tubulin alpha-4 chain  Q0WV25 1701.906 0.5 269.50 6.74 
A18 Tubulin alpha-3 chain  Q56WH1 1701.906 0.5 269.50 6.74 
A18 Tubulin alpha chain  B9DFF8 1701.906 0.5 269.50 6.74 
A18, A19 Actin-2  Q96292 1147.603 0.4 292.50 11.03 
A18, A19 Actin-8 Q96293 1147.603 0.4 292.50 11.03 
A18 Actin 2  F4J8V9 1147.603 0.4 292.50 11.03 
A17 Probable elongation factor 1-gamma 1 O04487 2015.044 1.6 340.50 8.72 
Metabolic process 
A9 Probable aldo-keto reductase 3 O22707 1367.717 -1.1 277.80 4.28 
A9 Carbonic anhydrase A0A1I9LQB3 1906.043 0.3 338.90 14.45 
A18 Nitrilase 1 P32961 2164.038 0.0 312.80 12.04 
 a 
the protein spots that have been excised for LC/MS/MS identification. 
 b 
the protein identified by LC/MS/MS. 
c 
the accession number of protein. 
d 
the computed M+H precursor mass for the peptide spectrum matches (PSMs). 
e 
the calculated mass error  in parts per million (ppm)  after correcting the observed M+H (single charged) precursor mass and the computed M+H precursor  mass (Bern et al., 
2012). 
f
 the Byonic™ score which is used for confident identifications. A score of 300 and greater is considered significant (Bern et al., 2012). 
g
 the log base 10 of the protein p-value of the PSMs. A log p-value greater or equal to one is considered significant. 
The electrophoretically distinct spots identified by LC/MS/MS are highlighted red for PM treated with LPS chemotype Xcc 8004 and blue for PM treated with LPS chemotype 
Xcc 8530, with black indicating the electrophoretically distinct spots that appeared in the PM treated with both LPS chemotypes.  
The PM markers are italicized. 
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It is observed in Figure 4.13 that the most electrophoretically distinct spots are seen 
in the 12 h for PM treated with LPS chemotype Xcc 8004 and the 18 h for PM treated 
with LPS chemotype Xcc 8530. This is merely an observation as the proteins 
identified by LC/MS/MS give a more robust and precise analysis of the types of 
proteins that are expressed subsequent to the treatment. PM marker proteins were 
identified within the significant proteins to further validate that the isolation of the PM 
by the sucrose density gradient centrifugation proved to be successful. These 
include the Ras proteins, which are localized within separate membrane 
compartments of the inner-leaflet of the PM (Pezzarossa et al., 2015). The proteins 
found to be associated with the PM include the fasciclin-like arabinogalactan proteins 
which, according to Seifert et al. (2014), localizes to the outer leaflet of the PM via 
glycophosphatidylinositol (GPI) and associate with lipid rafts/ membrane 
nanodomains. The jacalin-like proteins according to Tapken and Murphy (2015), are 
residents of the detergent-resistant membranes in Arabidopsis plants. The identified 
proteins will be further discussed in the functional categories in section 4.8  
 
  
4.5 Identification of the PM-associated LPS-interacting 
proteins of A. thaliana following enrichment by affinity 
chromatography   
 
4.5.1 Detoxi-Gel™ Endotoxin removing gel affinity method  
 
This type of affinity chromatography uses a polymyxin B-based LPS-immobilization 
in order to capture and enrich candidate LPS-interacting proteins. The agarose resin 
is bound to the polymyxin B ligand which serves to attract and bind specifically to the 
Lipid A moiety of the endotoxins used in this study, namely the LPS chemotypes 
from Xcc 8004 and Xcc 8530. A similar affinity approach was used by Vilakazi et al. 
(2017). A representation from the 6 h time study of the resulting elution profile of the 
proteins due to the binding and elution events is illustrated in Figure 4.14. The 
remaining elution profiles for the other time points are presented in the 
Supplementary Figure S5 along with the elution profile for the control (no 
immobilized LPS). Specific eluents were chosen for this affinity chromatography 
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procedure, as described in section 3.3.2, where 10 mM Tris-HCl was used to 
remove any unbound proteins from the affinity matrix/resin, and 1 M NaCl was used 
to remove the non-specific proteins from the immobilized resin. A 1% SDS solution 
was used as an eluent to desorb the candidate LPS-interacting PM-associated 
proteins from the LPS-immobilized resin.  
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Figure 4.14: The elution profile of the binding and desorption events between the LPS-immobilized 
polymyxin B and interacting PM-associated candidate proteins from the A. thaliana for A) LPS 
chemotype Xcc 8004 and B) LPS chemotype Xcc 8530 following 6 h treatment. The blue curve 
represents the absorbance of the flow-through (non-bound proteins) fractions eluted with 10 mM Tris-
HCl, the red curve represents the absorbance of non-specific bound proteins eluted with 1 M NaCl 
and the green curve indicates the absorbance of the candidate LPS-interacting PM associated 
proteins desorbed from the column by 1% SDS eluent.  
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Prior to the identification of the candidate LPS-interacting PM associated proteins by 
in-solution LC/MS/MS identification (section 3.4), the protein fractions desorbed 
from the LPS-immobilized polymyxin B affinity column by 1% SDS were pooled and 
precipitated to the required concentration as described in section 3.3.4. Here, SDS 
at 1% adequately desorbs the candidate LPS-interacting proteins by breaking any 
covalent interactions, a similar approach optimized by Vilakazi et al. (2017).  Table 
4.3 and Table 4.4 comprise the identified candidate LPS-interacting PM-associated 
proteins, subsequent to affinity enrichment following treatment of A. thaliana with 
LPS chemotypes from Xcc 8004 and Xcc 8530, after taking the Byonic™ score and 
log probability threshold into consideration. These proteins were compared to the 
control (non-specific binding to polymyxin resin with no LPS immobilization) proteins 
in Table S1 in the supplementary and thus not considered as interacting candidate 
proteins. The proteins identified outside the threshold i.e. proteins with low Byonic™ 
scores are tabulated in the supplementary Table S2. 
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Table 4.3: The candidate LPS-interacting PM associated proteins identified by LC/MS/MS after enrichment with LPS-immobilized polymyxin B affinity 
chromatography for the time study 0 h, 6 h, 12 h, 18 h and 24 h, subsequent to A. thaliana treatment with the Xcc 8004 LPS chemotype. The proteins are 
arranged in functional categories. 
Time 
studya (h) 
Proteinb Accession 
numberc 
Calculated 
Massd 
(M+H) 
Mass 
errore 
(ppm) 
Byonic™ 
scoref 
|log 
probabilityg| 
Perception and signaling 
0 Putative GTP-binding protein ara-3                                    Q9FJF1 1164.59 -0.9 322.2 13.07 
0 Carbohydrate-binding-like fold                                           Q9LZQ4 1347.738 5.5 437 10.64 
0, 6, 12, 24  General regulatory factor 10                                                F4I1C1 1500.79 -0.3 320.5 5.95 
6 Probable LRR receptor-like serine/threonine-protein kinase At1g53430                               C0LGG8 1279.689 1.1 393.9 14.44 
6 
Probable leucine-rich repeat receptor-like serine/threonine-protein kinase 
At3g14840   C0LGN2 1426.733 -0.5 311.1 11.32 
6 G-type lectin S-receptor-like serine/threonine-protein kinase At1g67520                                O64793 1123.578 -0.5 333.2 4.69 
6, 24 Phototropin-1                                                                                                                                       O48963 1257.72 1.2 355.9 21.19 
6 Putative leucine-rich repeat receptor-like protein kinase At2g19210                                        O65924 878.473 -0.7 303.5 6.28 
6, 24 L-type lectin-domain containing receptor kinase IV.1                                                                    O80939 1357.707 5.2 304.7 8.23 
6 G-type lectin S-receptor-like serine/threonine-protein kinase SD1-1                                        O81833 1416.679 -2.2 252.8 4.62 
6 Protein phosphatase 2C 57                                                                                                               P49599 1011.511 -0.4 348.2 4.46 
6 Probable inactive receptor kinase At5g10020                                                                              Q0WR59 1172.616 -0.1 301.4 4.02 
6 Calcium-dependent protein kinase 9                                                                                                Q38868 1671.88 -1.6 390 9.33 
6, 24 Phospholipase D alpha 1                                                                                                                    Q38882 2359.191 -0.3 633.2 33.4 
6, 24 Calcium-dependent protein kinase 3                                                                                             Q42479 1788.897 -0.4 476.80 8.96 
6 Somatic embryogenesis receptor kinase 1                                                                                    Q94AG2 986.588 -0.4 251.80 2.01 
6 Auxin transporter protein 1                                                                                                               Q96247 1125.594 1.4 320.80 3.93 
6 Probable receptor-like protein kinase At5g38990                                                                        Q9FID9 1131.626 0.7 263.10 9.57 
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6 Proline-rich receptor-like protein kinase PERK1                                                                           Q9LV48 1020.572 0.4 276.00 6.37 
6, 24 Lectin-like protein                                                                                                                               Q9LZF5 2120.051 2.1 353.10 8.87 
6, 24 Putative MO25-like protein At4g17270                                                                                           Q9M0M4 1027.615 0.6 444.10 5.92 
6 Tetraspanin-3                                                                                                                                        Q9M1E7 1773.826 -1.8 332.40 9.51 
6, 12 Probable inactive receptor kinase At3g02880                                                                                Q9M8T0 1847.950 -2.5 540.10 32.27 
6 L-type lectin-domain containing receptor kinase VII.1                                                                 Q9S9U1 878.473 0.5 253.00 2.67 
6 
Leucine-rich repeat receptor-like serine/threonine/tyrosine-protein kinase 
SOBIR1          Q9SKB2 1611.859 3.3 382.30 11.37 
6 Non-specific phospholipase C3                                                                                                      Q9SRQ6 1170.684 0.5 406.00 12.57 
6 Plant intracellular Ras-group-related LRR protein 4                                                                Q9SVW8 1392.740 -0.2 287.60 8.90 
6 Phosphatidylinositol 4-kinase alpha 1                                                                                       Q9SXA1 1236.742 1.1 345.30 14.01 
6, 18  Calcium-dependent protein kinase 21                                                                                          Q9ZSA2 1346.705 -1.3 412.20 25.04 
6 Phosphatidylinositol 3-and 4-kinase family protein                                                                    A0A1P8AWA3 1236.742 1.1 345.30 14.01 
6 Cysteine-rich receptor-like protein kinase 17                                                                              A0A1P8B8K3 1391.728 1.9 452.70 9.15 
6 Cysteine-rich receptor-like protein kinase 17                                                                              A0A1P8B8L9 1391.728 1.9 452.70 9.15 
6 GPI-anchored adhesin-like protein                                                                                               A0A1P8BAU8 2174.094 4.3 479.80 24.11 
6 ENHANCED DISEASE RESISTANCE protein (DUF1336)                                                            A0A1P8BH65 1082.552 0.1 320.70 4.37 
6 Low-density receptor-like protein                                                                                        A8MS48 1473.766 -1.4 420.30 11.24 
6 Leucine-rich repeat protein kinase family protein (fragment)                                         C0LGM1 1595.886 -0.3 146.30 2.48 
6 Leucine-rich repeat transmembrane protein kinase                                                         F4HRH4 1279.689 1.1 393.90 14.44 
6 Phytochrome-associated protein phosphatase type 2C                                                    F4I1B4 1476.729 -1.6 506.70 9.30 
6 Leucine-rich repeat protein kinase family protein                                                            F4IJP7 878.473 -0.7 303.50 3.59 
6 Nucleotide-diphospho-sugar transferases superfamily protein                                     F4IVY1 1235.638 -1.5 305.90 8.10 
6 Ephrin type-B receptor                                                                                                       F4JXY5 1010.603 0.9 309.80 7.32 
6 Ephrin type-B receptor                                                                                                         F4JXY6 1010.603 0.9 309.80 7.32 
6 Receptor like protein 54                                                                                                    F4KHA2 1126.622 -0.8 285.10 5.38 
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6 Low-density receptor-like protein                                                                                     Q8H0X5 1473.766 -1.4 420.30 11.24 
6 B-cell receptor-associated 31-like protein Q93XZ7 1360.584 -0.2 372.00 19.50 
6 GPI-anchored adhesin-like protein                                                                            Q9FF91 2174.094 4.3 479.80 24.11 
6 Signal peptidase I                                                                                                               Q9LW08 1248.658 -1.2 380.20 7.35 
6 Phospholipase D  F4JNU6 1586.809 0.2 472.40 33.87 
6 Late embryogenesis abundant (LEA) hydroxyproline-rich glycoprotein family           Q9M386 1692.823 0.0 478.80 19.16 
6 Inactive LRR receptor-like serine/threonine-protein kinase BIR2                                           Q9LSI9 1179.575 1.8 359.80 20.10 
12 LysM domain-containing GPI-anchored protein 2                    O23006 1033.604 -0.1 279.90 6.73 
12 Fasciclin-like arabinogalactan protein 9                                    Q9ZWA8 1774.832 -1.3 335.90 8.48 
18 Calcium-dependent protein kinase 15                                      O49717 1651.869 -2.4 269.40 8.46 
18, 24 Membrane steroid-binding protein 2                                           Q9M2Z4 1591.761 0.1 348.60 8.85 
18, 24 Cysteine-rich RLK (RECEPTOR-like protein kinase) 10        A0A1P8B575 1315.657 1.3 348.60 22.04 
18, 24 Cysteine-rich RLK (RECEPTOR-like protein kinase) 10        A0A1P8B597 947.552 0.1 218.00 4.52 
18 Putative BPI/LBP family protein At1g04970                           Q9MAU5 1291.810 0.9 230.50 6.00 
18 Calcium-dependent protein kinase 15                                    A0A1P8B8Z1 1651.869 -2.4 269.40 8.46 
18 GF14 protein phi chain                                                                      F4HWQ5 1418.749 0.2 524.30 11.08 
18 Calcium-dependent protein kinase 15                                      F4JKC7 1651.869 -2.4 269.40 8.46 
18 Serine/threonine-protein kinase RIO1                                     Q9FHT0 1099.574 -0.2 186.40 2.34 
18 Serine/threonine-protein kinase RIO1                                     Q9SK34 1099.574 -0.2 186.40 2.34 
24 G-type lectin S-receptor-like serine/threonine-protein kinase SD1-13          Q9LPZ9 878.473 0.7 222.20 1.92 
Defense and stress response 
0,6,12, 24 Late embryogenesis abundant protein, group 2 O80576 1303.751 0.1 417.8 27.26 
0 Fatty acid amide hydrolase                                                  Q7XJJ7 1577.709 2.9 321.1 2.9 
0 Heat shock protein 70 (Hsp 70) family protein                       A0A1P8BF32 1659.895 2.9 536.8 7.69 
6 Cytochrome P450 83B1                                                                                                                  O65782 1422.7 1.1 472.7 10.79 
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6 Remorin                                                                                                                                                  O80837 2658.387 -0.8 754.8 52.35 
6 Dehydrin COR47                                                                                                                                P31168 1215.683 -0.8 499.6 8.77 
6 Dehydrin ERD10                                                                                                                                     P42759 2921.499 -2 588.2 14.19 
6, 12, 24  Dehydrin ERD14                                                                                                                                P42763 2234.119 -1.3 606.4 46.41 
6 Protein BONZAI 2                                                                                                                               Q5S1W2 1968.007 0.4 374.70 14.19 
6 Disease resistance protein RPP8                                                                                                     Q8W4J9 1412.786 2.6 249.10 4.78 
6 MLP-like protein 423                                                                                                                          Q93VR4 1568.839 -1.7 354.00 13.07 
6 Cellulose synthase A catalytic subunit 3 [UDP-forming]                                                            Q941L0 1238.653 1.4 253.60 8.25 
6, 24  Hypersensitive-induced response protein 4                                                                                    Q9FHM7 1751.881 -2.3 538.80 36.82 
6 Disease resistance RPP8-like protein 3                                                                                        Q9FJB5 1076.610 -2.4 386.30 4.13 
6 Callose synthase 12                                                                                                                         Q9ZT82 1467.715 -0.7 348.30 23.91 
6 Jacalin-related lectin 5                                                                                                                     Q9ZU23 1340.658 -2.3 311.50 6.08 
6 Aluminum induced protein with YGL and LRDR motifs                                                                  A0A1P8B9Q2 1475.810 1.0 260.60 4.82 
6 Remorin family protein                                                                                                                      A0A1P8BFC2 1556.864 0.2 303.20 12.15 
6 Dehydrin family protein                                                                                                          F4HST2 2921.499 -2.0 588.20 14.19 
6 Aluminum induced protein with YGL and LRDR motifs                                                F4JZM6 1475.810 1.0 260.60 4.82 
6 Remorin family protein                                                                                                        F4KEA0 1556.864 0.2 303.20 12.15 
6 Aluminum induced protein with YGL and LRDR motifs                                                Q94BR2 1475.810 1.0 260.60 4.82 
6 Remorin family protein                                                                                                      Q9FFA5 1556.864 0.2 303.20 12.15 
6 Binding partner of ACD11 1                                                                                                             Q9LFD5 1057.564 0.3 377.20 6.95 
6 Cold-regulated 413 plasma membrane protein 1                                                             Q9XIM7 1596.794 0.8 364.60 6.96 
6 Callose synthase 10 Q9SJM0 1104.678 1.1 407.80 37.65 
24 Heat shock protein 70 (Hsp 70) family protein                     F4K007 1659.895 1.1 448.40 27.48 
24 AT0ZI1 protein                                                                          Q38842 1352.735 -0.4 408.20 6.10 
Membrane trafficking and transport 
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0 Ras-related protein RABE1c                                                P28186 1164.59 -0.9 322.3 13.07 
0 Ras-related protein RABA1f                                                Q9FJH0 1333.747 1.9 448.3 5.6 
0 Ras-related protein RABE1e                                               Q9SF91 1164.59 -0.9 322.3 13.07 
0 Synaptotagmin A                                                                    F4IFM6 1478.707 0.4 346.5 22.8 
0 Synaptotagmin A                                                                    F4IFM7 1478.707 0.4 346.5 22.8 
6, 24 Ras-related protein RABG3a                                                                                                             Q948K8 1043.610 -1.1 373.60 10.27 
6 Ras-related protein RABC1                                                                                                               O23657 1546.796 -1.8 426.9 15.71 
6 Proton pump-interactor 1                                                                                                                O23144 1629.833 -0.9 464.2 17.44 
6 Oligopeptide transporter 3                                                                                                             O23482 1842.975 0.3 324.9 6.85 
6 Heavy metal-associated isoprenylated plant protein 25                                                           O49613 1114.574 0.6 326.7 4.37 
6, 24 V-type proton ATPase subunit G1                                                                                                      O82628 1338.642 2.6 514.5 21.13 
6 ATPase 3                                                                                                                                                  P20431 1415.789 0 364.1 18.8 
6 Sugar transport protein 1                                                                                                                      P23586 1674.732 -2.9 369.5 11.7 
6 Aquaporin PIP2-3                                                                                                                                     P30302 1220.554 -1 342 4.68 
6 Aquaporin PIP2-2                                                                                                                                 P43287 1234.57 0.3 385.1 12.81 
6, 12, 24  Chloride channel protein CLC-a                                                                                                      P92941 1440.842 0.2 427.8 24.32 
6, 24 Aquaporin PIP2-7                                                                                                                                P93004 1312.653 -0.6 524.9 20.49 
6 Phospholipid-transporting ATPase 1                                                                                             P98204 1125.688 0.1 307.6 5.25 
6 Aquaporin PIP1-3                                                                                                                               Q08733 1551.765 -0.2 303.5 6.91 
6 Vesicle-associated protein 4-1                                                                                                       Q1ECE0 1301.633 1.8 506.6 8.61 
6, 24 Patellin-3                                                                                                                                            Q56Z59 2089.027 -1.4 406.10 24.83 
6 Sodium/calcium exchanger NCL                                                                                                    Q8L636 1607.755 -1.2 537.2 27.71 
6 D-xylose-proton symporter-like 1                                                                                                 Q8L6Z8 1767.910 0.6 377.40 7.02 
6 ABC transporter C family member 8                                                                                             Q8LGU1 1453.714 1.7 407.50 12.53 
6 ABC transporter B family member 2                                                                                            Q8LPK2 1928.060 1.5 344.60 9.42 
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6 Potassium transporter 13                                                                                                                Q8LPL8 1059.579 0.5 375.90 4.73 
6 Putative ion channel POLLUX-like 1                                                                                            Q8VZM7 1494.671 -4.2 425.10 56.99 
6 Syntaxin-132                                                                                                                                      Q8VZU2 1060.527 0.8 377.40 22.87 
6, 24  Sugar transporter ERD6-like 4                                                                                                         Q93YP9 1749.902 1.5 590.50 25.07 
6, 24  Exocyst complex component SEC6                                                                                                  Q94AI6 1190.616 -0.2 370.90 7.59 
6 Sugar transport protein 13                                                                                                               Q94AZ2 1862.877 -0.7 589.00 10.27 
6 Potassium transporter 7                                                                                                                    Q9FY75 1386.799 0.0 427.20 7.21 
6, 24  Calcium-transporting ATPase 8                                                                                                        Q9LF79 941.614 1.1 421.10 25.07 
6 V-type proton ATPase subunit d2                                                                                                     Q9LHA4 2152.070 0.3 592.00 18.01 
6 Novel plant SNARE 13                                                                                                                         Q9LRP1 1929.029 0.1 441.50 13.94 
6, 24  ATPase 11                                                                                                                                              Q9LV11 1574.827 -1.1 541.40 44.66 
6 Protein NRT1/ PTR FAMILY 8.1                                                                                                            Q9M390 1163.694 1.3 358.40 11.32 
6 Alpha-soluble NSF attachment protein 2                                                                                         Q9SPE6 1720.864 -1.6 398.90 20.24 
6 Calcium-transporting ATPase 10                                                                                                  Q9SZR1 1469.771 2.5 504.40 23.02 
6, 24  Vesicle-associated membrane protein 721                                                                               Q9ZTW3 1368.741 1.2 493.60 18.95 
6, 24  Probable aquaporin PIP2-6                                                                                                             Q9ZV07 1311.669 -1.4 459.10 11.42 
6 Vesicle-associated membrane protein 713                                                                                   A0A1P8BEB3 1986.003 3.4 384.50 21.39 
6 Ion channel POLLUX-like protein, putative (DUF1012)                                                                  A0A1P8BF77 1494.671 -4.2 425.10 56.99 
6 Syntaxin of plants 51                                                                                                              A8MRW0 1175.565 -2.4 373.30 9.29 
6 Cytochrome-c oxidase/ electron carrier                                                                               A8MSE0 891.505 -0.3 308.40 3.70 
6 63 kDa inner membrane family protein                                                                                F4IJM1 1158.539 -1.2 356.30 16.42 
6 Alpha-soluble NSF attachment protein 2                                                                               F4IZC8 1720.864 -1.6 398.90 20.24 
6 Putative plant snare 13                                                                                                             F4J563 1929.029 0.1 441.50 13.94 
6 ABC transporter A family protein                                                                                    Q9FJB9 918.526 0.2 376.70 6.84 
6 Major facilitator superfamily protein                                                                             Q9FMT8 1296.695 0.8 502.20 12.23 
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6 Major facilitator superfamily protein                                                                             Q9SW40 855.493 -0.7 307.90 4.07 
6 CBS domain-containing protein CBSCBSPB3                                                                                  Q9LF97 1639.927 0.9 390.50 17.34 
12, 24  Pyrophosphate-energized vacuolar membrane proton pump 1    P31414 1595.879 0.9 419.60 36.37 
12 Aquaporin PIP1-2                                                                         Q06611 1033.604 0.8 283.50 6.19 
12 V-type proton ATPase subunit E1                                                 Q39258 1441.710 -0.3 312.60 11.79 
12 NADH-ubiquinone dehydrogenase B9DFQ9 1341.764 1.3 434.40 12.80 
24 ABC transporter G family member 15                                                  Q8RWI9 1032.568 -2.0 382.90 5.55 
24 Patellin-6                                                                                           Q9SCU1 1230.705 -0.7 284.80 5.73 
24 Chloride channel A                                                                   F4KIT3 1558.862 0.3 335.30 7.30 
24 SecY protein transport family protein                                Q8RWJ5 1164.601 1.1 384.40 11.37 
24 Ammonium transporter 1-like protein                                                       Q93Z11 1996.132 0.3 436.80 12.55 
Structure 
0, 12  Tubulin beta-9 chain                                                              P29517 1139.694 0.3 388.6 14.81 
6, 18  Tubulin alpha-5 chain                                                                                                                         B9DHQ0 1701.906 0.2 545.8 24.31 
6, 24  Actin-7                                                                                                                                                   P53492 2199.075 -0.6 350.3 8.93 
6, 24  Annexin D2                                                                                                                                         Q9XEE2 1486.742 -1.6 382.00 14.75 
6, 18  Tubulin alpha-3 chain                                                                                                                     Q56WH1 1701.906 0.2 545.8 24.31 
6, 24  Tubulin beta-2 chain                                                                                                                        Q56YW9 1296.607 0.7 329.00 7.13 
6, 24  Annexin                                                                                                                                   F4KGH1 1486.742 -1.6 382.00 14.75 
12, 18, 24   Probable elongation factor 1-gamma 1                                      O04487 911.483 -0.1 338.60 7.09 
18 Tubulin beta-5 chain                                                                       P29513 1367.644 -1.1 359.20 35.18 
18 Tubulin alpha chain                                                                        B9DFF8 1701.906 -0.2 355.10 7.33 
24 Actin-1                                                                                                       P0CJ46 1790.892 -0.8 309.50 10.78 
24 Actin-3                                                                                                      P0CJ47 1790.892 -0.8 309.50 10.78 
24 Actin-2                                                                                                      Q96292 1163.598 0.3 391.80 44.77 
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24 Actin-8                                                                                                  Q96293 1163.598 0.3 391.80 44.77 
24 Tubulin beta-3 chain                                                                            Q9ASR0 1267.789 1.0 485.60 40.16 
24 Actin 2                                                                                      F4J8V9 1163.598 0.3 391.80 44.77 
Metabolic process 
0, 6  Nitrilase 1                                                                                 P32961 1821.953 1.1 518.1 8.21 
6 Cytochrome P450 76C2                                                                                                                        O64637 1647.87 1.3 308.2 6.79 
6 Nitrilase 2                                                                                                                                           P32962 2022.039 1.5 415.9 9.53 
6 Nitrilase 3                                                                                                                                           P46010 2052.05 -2.2 516.6 9.15 
6 Cytochrome P450 71B11                                                                                                                 P58049 1608.808 -0.1 415.1 11.6 
6 Cytochrome P450 89A2                                                                                                                     Q42602 938.603 0.3 337.70 5.92 
6 DEAD-box ATP-dependent RNA helicase 11                                                                                    Q8LA13 1226.710 3.5 354.30 6.55 
6 Glycerophosphodiester phosphodiesterase GDPDL4                                                             Q9FJ62 1616.780 5.1 328.90 5.98 
6 Cytochrome P450 71B34                                                                                                                    Q9LIP6 1198.715 0.2 471.30 18.81 
6 Cytochrome P450 72A15                                                                                                                    Q9LUC5 1629.885 -0.4 537.40 11.35 
6, 24  Cytochrome P450 71B28                                                                                                                   Q9SAE3 1192.636 2.7 326.30 3.72 
6 Cytochrome P450 71A22                                                                                                               Q9STL1 1077.594 0.5 346.60 6.17 
6 Long chain acyl-CoA synthetase 4                                                                                                Q9T0A0 1047.608 1.6 351.10 6.05 
6 Cytochrome P450, family 72, subfamily A, polypeptide 15                                                       A0A1I9LLM3 1629.885 -0.4 537.40 11.35 
6 Cytochrome P450, family 71, subfamily B, polypeptide 26                                                A0A1I9LRI3 1411.696 -0.1 377.80 13.31 
6 E3 ubiquitin-protein ligase                                                                                                                    A0A1P8AW92 1181.725 0.2 462.00 5.19 
6 Ergosterol biosynthesis ERG4/ERG24 family                                                                     A8MS34 1583.854 -0.3 338.40 7.91 
6, 12, 24 Triacylglycerol lipase-like 1                                                                                                   F4HRB4 2056.896 -1.2 481.00 19.01 
6 3-oxo-5-alpha-steroid 4-dehydrogenase (DUF1295)                                                      F4HRY1 1552.784 0.0 358.90 16.45 
6 Adenine nucleotide alpha hydrolases-like superfamily protein                               Q94II5 1337.713 -3.2 320.60 6.64 
6 Lactoylglutathione lyase GLX1                                                                                                          O65398 1039.578 -0.3 305.5 11.59 
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6 E3 ubiquitin-protein ligase                                                                                               Q9C803 1181.725 0.2 462.00 5.19 
12, 24 Triacylglycerol lipase-like 1                                                      A0A1P8AVY3 1222.622 -0.8 312.60 6.78 
24 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase                  Q9MB58 1187.638 -1.5 336.10 6.26 
24 Formate--tetrahydrofolate ligase                                           Q9SPK5 2137.081 0.6 398.30 35.49 
24 UDP-glucose pyrophosphorylase 2                                           A0A1P8BC93 1348.701 0.1 363.20 12.55 
24 UDP-glucose pyrophosphorylase 2                                            A0A1P8BC98 1348.701 0.1 363.20 12.55 
24 Adenine phosphoribosyl transferase 1 F4HSX1 1471.867 2.4 480.50 12.99 
Unknown 
24 Transmembrane protein                                                                 O80774 1164.601 1.1 384.40 11.37 
6 Transmembrane protein  Q6NLB6 1623.870 0.2 539.60 11.85 
a 
the time point for the enrichments in h. The same protein that occurred in more than one time point are indicated and grouped together.  
 b 
the protein identified by LC/MS/MS. 
c 
the accession number of protein. 
d 
the computed M+H precursor mass for the peptide spectrum matches (PSMs). 
e 
the calculated mass error in parts per million (ppm) after correcting the observed M+H (single charged) precursor mass and the computed M+H precursor mass (Bern et al., 
2012). 
f
 the Byonic™ score which is used for confident identifications. A score of 300 and greater is considered significant (Bern et al., 2012). 
g
 the log base 10 of the protein p-value of the PSMs. A log p-value greater or equal to one is considered significant. 
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Table 4.4: The candidate LPS-interacting PM-associated proteins identified by LC/MS/MS after enrichment with LPS-immobilized polymyxin B affinity 
chromatography for the time study 0, 6, 12, 18 and 24 h subsequent to A. thaliana treatment with the Xcc 8530 LPS chemotype. The proteins are arranged in 
functional categories and the table heading descriptions are as for those described in Table 4.3. 
Time study 
(h) 
Protein Accession 
number 
Calculated 
Mass 
(M+H) 
Mass 
error 
(ppm) 
Byonic™ 
score 
|log 
probability| 
Perception and signalling 
0, 12 , 18, 24 Phospholipase D alpha 1                                                      Q38882 3085.507 -0.4 446.4 11.32 
0, 18, 24  Calcium-dependent protein kinase 3                                 Q42479 1788.897 -0.7 478.50 10.05 
0, 12, 18 Putative MO25-like protein At4g17270                                 Q9M0M4 1027.615 0.3 430.80 6.56 
0, 6, 12, 24 Membrane steroid-binding protein 2                                     Q9M2Z4 1591.761 0.4 421.5 11.85 
0, 24 Putative BPI/LBP family protein At1g04970                          Q9MAU5 1291.810 0.0 405.70 5.43 
0, 18, 24  General regulatory factor 10                                                       F4I1C1 1390.742 -1.9 461.90 18.46 
0, 12, 18  Phospholipase D                                                                                F4JNU6 1293.716 0.1 453.70 20.90 
0, 12, 18, 24  Leucine-rich repeat (LRR) family protein                                    F4K217 1324.785 0.6 385.9 11.42 
0, 24 GPI-anchored adhesin-like protein                                             Q9FF91 2174.094 1.6 344.2 9.53 
12, 18  Carbohydrate-binding-like fold                                                  Q9LZQ4 1374.738 0.6 318.20 7.29 
12 Probable LRR receptor-like serine/threonine-protein kinase At1g06840         C0LGD7 1499.818 -0.6 213.50 5.99 
12, 24  Probable LRR receptor-like serine/threonine-protein kinase At1g53430        C0LGG8 1184.554 -0.9 292.40 8.53 
12 Calcium-dependent protein kinase 15                                        O49717 1611.834 0.8 302.30 7.22 
12, 24 L-type lectin-domain containing receptor kinase IV.1                  O80939 2486.307 0.5 437.60 9.13 
12,18 Pyrophosphate-energized vacuolar membrane proton pump 1            P31414 1595.879 1.6 543.10 29.10 
12 Fasciclin-like arabinogalactan protein 1                                Q9FM65 1628.796 1.2 358.40 8.73 
12, 18, 24  Probable inactive receptor kinase At3g02880                       Q9M8T0 1086.554 0.9 325.50 22.18 
12 Calcium-dependent protein kinase 21                                                        Q9ZSA2 1611.834 0.8 302.30 7.22 
12 EMS-MUTAGENIZED BRI1 SUPPRESSOR 1                                              A0A1P8AVX3 1218.648 0.6 335.30 25.14 
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12 Calcium-dependent protein kinase 15                              A0A1P8B8Z1 1611.8336 0.8 302.30 7.22 
12, 24  Low-density receptor-like protein                                       A8MS48 1473.766 -2.8 452.60 10.87 
12 Leucine-rich repeat transmembrane protein kinase             F4HRH4 1184.554 -0.9 190.40 2.76 
12, 24  GF14 protein phi chain                                                               F4HWQ5 1702.849 0.9 570.30 21.91 
12 Calcium-dependent protein kinase 15                                F4JKC7 1611.834 0.8 302.30 7.22 
12 G-box regulating factor 6                                                    F4KGV5 1404.733 -0.2 527.80 12.37 
12 G-box regulating factor 6                                                        F4KGV2 1404.733 -0.2 527.80 12.37 
12,18, 24 Cysteine-rich RLK (RECEPTOR-like protein kinase) 10                          A0A1P8B575 1315.657 2.2 357.20 16.89 
12, 18, 24  Cysteine-rich RLK (RECEPTOR-like protein kinase) 10                          A0A1P8B597 1315.657 2.2 357.20 16.89 
12, 24 Low-density receptor-like protein                                          Q8H0X5 1473.766 -2.8 452.60 10.87 
18, 24  
Probable leucine-rich repeat receptor-like serine/threonine-protein kinase 
At3g14840  C0LGN2 932.541 0.3 326.80 8.88 
18, 24  Receptor-like protein 51                                                             Q9SN38 1443.842 0.5 316.90 5.61 
18 UPF0496 protein At3g28310/At3g28320                                    Q6E240 1390.742 8.0 353.20 11.88 
18 Leucine-rich repeat (LRR) family protein                                               A0A1P8AWX3 1104.630 0.3 308.60 5.80 
18 Leucine-rich repeat (LRR) family protein                                                  F4HR88 1104.630 0.3 308.60 5.80 
18, 24  Late embryogenesis abundant (LEA) hydroxyproline-rich glycoprotein family  Q9M386 1692.823 0.0 428.20 16.36 
24 Receptor like protein 54                                                                   F4KHA2 1126.622 0.2 296.60 3.88 
24 Phototropin-1                                                                      O48963 1448.763 -0.3 370.30 8.50 
24 Phosphatidylinositol 4-kinase alpha 1                                        Q9SXA1 1964.041 0.6 382.10 5.59 
24 Kinase-like protein                                                                    A0A1P8AVN7 1304.706 0.1 307.20 4.47 
24 GPI-anchored adhesin-like protein                                                            A0A1P8BAU8 1574.766 -2.6 357.90 20.83 
24 Kinase-like protein                                                                   F4HQ25 1304.706 0.1 307.20 4.47 
24 Protein kinase superfamily protein                    F4I7B6 1382.727 -0.7 308.10 4.80 
24 Nucleotide-diphospho-sugar transferases superfamily protein F4IVY1 1235.638 -3.0 342.40 5.15 
24 Protein kinase superfamily protein                 F4J0Y1 848.463 2.3 314.80 4.16 
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24 PTI1-like tyrosine-protein kinase 2                                  O49339 1702.814 -2.8 318.30 5.84 
24 ATMRK1                                                                                                  O22100 848.463 2.3 314.80 4.16 
24 B-cell receptor-associated 31-like protein                                                                                       Q93XZ7 1743.876 -1.2 349.20 14.55 
24 leaf rust 10 disease-resistance locus receptor-like protein kinase-like 2.7                                                                                 Q9FZI4 1304.706 0.1 307.20 4.47 
Defense and stress response 
0 Jacalin-related lectin 5                                                                Q9ZU23 1340.658 -1.6 351.9 12.11 
6, 12, 24  Heat shock protein 70 (Hsp 70) family protein                                                              A0A1P8BF32 1659.895 1.1 448.40 27.48 
6 Heat shock protein 70 (Hsp 70) family protein                                                            F4K007 1659.895 1.1 448.40 27.48 
6, 24  Late embryogenesis abundant protein, group 2 O80576 2321.214 1.9 658.30 49.07 
12, 18, 24  Cytochrome P450 83B1                                                              O65782 1422.701 0.5 429.00 6.32 
12, 18  Probable disease resistance RPP8-like protein 4                   Q9FJK8 1076.610 0.7 355.40 5.95 
12, 24 Aluminum induced protein with YGL and LRDR motifs                          Q9FG81 1475.810 -0.7 405.00 11.53 
18 Protein ILITYHIA                                                                                 F4I893 1699.959 2.5 444.30 41.82 
18, 24  Remorin                                                                                            O80837 2658.387 -1.0 660.40 30.64 
18, 24  Dehydrin ERD14                                                                             P42763 2234.119 -1.4 334.50 16.49 
18 BTB/POZ domain-containing protein SR1IP1                        Q66GP0 1472.811 5.4 346.20 16.69 
18, 24  MLP-like protein 423                                                                           Q93VR4 1568.839 -0.6 402.30 12.22 
18 Probable glutathione peroxidase 5                                            Q9LYB4 1293.705 -1.0 9.98 326.90 
18 Callose synthase 12                                                                                                             Q9ZT82 1189.621 6.0 306.60 15.33 
18 Remorin family protein                                                                                     A0A1P8BFC2 1556.864 2.3 300.30 7.30 
18 Remorin family protein                                                                                     F4KEA0 1556.864 2.3 300.30 7.30 
18 NAD(P)-binding Rossmann-fold superfamily protein                                           A0A1I9LNT2 1278.672 -1.1 333.70 15.87 
18 NAD(P)-binding Rossmann-fold superfamily protein                                             F4JE70 1278.672 -1.1 333.70 15.87 
18 Remorin family protein                                                                                   Q9FFA5 1556.864 2.3 300.30 7.30 
24 Protein BONZAI 2                                                           Q5S1W2 1457.691 1.7 362.70 10.37 
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24 Hypersensitive-induced response protein 4              Q9FHM7 1751.881 -3.5 497.90 22.31 
24 Aluminium induced protein with YGL and LRDR motifs                A0A1P8B9Q2 1475.810 -0.7 405.00 11.53 
24 Aluminium induced protein with YGL and LRDR motifs                  F4JZM6 1475.810 -0.7 405.00 11.53 
24 Aluminum induced protein with YGL and LRDR motifs         Q94BR2 1475.810 -0.7 405.00 11.53 
Membrane trafficking and transport 
0 Clathrin light chain 3                                                              F4J5M9 955.521 0.4 310.6 8.13 
0, 12, 18, 24  Chloride channel protein CLC-a                                          P92941 1440.842 1.9 429.20 20.99 
0, 18  Clathrin heavy chain 2                                                          Q0WLB5 1435.743 0.4 373.9 28.77 
0 ABC transporter G family member 15                               Q8RWI9 1032.568 1.3 348.8 5.73 
0 Sugar transporter ERD6-like 4                                               Q93YP9 1749.902 0.5 637.00 17.96 
0 Patellin-4                                                                                     Q94C59 1809.902 -1.4 343 14.72 
0, 24  Adenine nucleotide transporter 1                                            A0A1P8B4I5 1426.765 1.6 452.80 18.05 
0, 12, 18 , 24  Chloride channel A                                                                          F4KIT3 1440.842 1.9 429.20 20.99 
0 Transmembrane protein, putative (DUF2358)                      Q8L604 1285.773 0.6 371 9.51 
0 Ras-related protein RABG3b                                            O04157 1478.771 2.5 404.9 17.58 
0 ATPase                                                                                                Q949M9 1159.672 0.3 326 5.95 
0,6 Nuclear transport factor 2 (NTF2) family protein                   Q9FMC7 1090.589 1.3 336.5 5.87 
6 Calcium-dependent lipid-binding (CaLB domain) family protein                            A0A1P8APH4 1253.783 0.4 348.80 6.26 
6, 12 Synaptotagmin A                                                                                                                  F4IFM6 1165.719 0.8 478.30 45.39 
6, 12  Synaptotagmin A                                                                                                                  F4IFM7 1165.719 0.8 478.30 45.39 
6, 12, 24  ATPase, V1 complex, subunit B protein                                                                         F4JTQ0 1715.933 0.2 510.60 43.88 
6 Plasma-membrane associated cation-binding protein 1                                           F4JUT9 2421.197 1.3 331.60 11.29 
12 Ras-related protein RABG1                                                   Q948K6 1071.641 0.8 453.80 5.65 
12 Ras-related protein RABA5b                                                 Q9SRS5 1071.641 1.5 389.80 6.84 
12, 24 Ras-related protein RABG3a                                                 Q948K8 1629.860 3.0 464.80 10.97 
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12, 18 , 24  V-type proton ATPase subunit G1                                                    O82628 1338.642 -1.2 674.80 42.20 
12, 18, 24 Aquaporin PIP2-7                                                                          P93004 1885.893 -2.5 506.50 10.58 
12, 24  Patellin-3                                                                              Q56Z59 1186.668 0.0 339.50 6.78 
12, 24  ATPase 11                                                                                 Q9LV11 1191.549 -0.4 393.30 12.14 
12, 18, 24  Calcium-transporting ATPase 10                                                                Q9SZR1 1469.771 1.4 415.10 15.34 
12, 24 SecY protein transport family protein                                       Q8RWJ5 1071.579 -0.2 343.50 11.64 
12, 24  Major facilitator superfamily protein                                     Q9FMT8 1296.695 -0.3 347.00 6.51 
12, 24  Probable aquaporin PIP2-6                                                                    Q9ZV07 1311.669 -1.0 396.50 5.72 
12, 24 ABC-2 type transporter family protein                                   A0A1P8BAZ0 1044.641 0.5 372.50 5.77 
12 Ammonium transporter 1-like protein                                                    Q93Z11 1317.705 2.0 369.80 14.29 
18 Oligopeptide transporter 3                                                               O23482 2042.023 -0.9 463.90 15.51 
18, 24  Sodium/calcium exchanger NCL                                                Q8L636 1607.755 -1.4 545.40 20.51 
18 ABC transporter B family member 2                                         Q8LPK2 1137.554 -0.5 320.20 14.66 
18 AP-2 complex subunit alpha-2                                                     Q8LPK4 1637.817 -1.3 305.10 10.60 
18 AP-2 complex subunit alpha-1                                                     Q8LPL6 1637.817 -1.3 305.10 10.60 
18 Potassium transporter 13                                                                Q8LPL8 1358.768 0.6 324.50 7.79 
18 ABC transporter B family member 6                                         Q8LPT1 1925.107 0.7 320.60 17.36 
18, 24 Syntaxin-132                                                                                          Q8VZU2 1079.512 0.1 314.60 6.68 
18 ABC transporter B family member 20                                          Q9M3B9 1925.107 0.7 320.60 17.36 
18 Patellin-6                                                                                                Q9SCU1 1230.705 1.0 322.00 6.37 
18 Potassium transporter                                                                                   A0A1P8B960 1358.768 0.6 324.50 7.79 
18, 24  Plasma membrane intrinsic protein 1B                                                   A8MRW1 1033.604 1.0 409.70 11.24 
18, 24  Syntaxin of plants 132                                                                                       F4K9K2 1079.512 -0.6 351.70 13.91 
18 SecY protein transport family protein                                                                                        O80774 1071.579 -0.2 344.60 10.47 
18, 24 Major facilitator superfamily protein                                                                                                            Q6NLR2 1092.532 -0.2 337.10 6.85 
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18 Major facilitator superfamily protein Q9C5R0 1092.532 -0.2 337.10 6.85 
24 Ras-related protein RABA1e                                         O49513 1274.612 0.0 305.70 7.25 
24 Ras-related protein RABC2a                                           O49841 1404.785 3.0 339.90 11.20 
24 Ras-related protein RABA5d                                                   Q9SIP0 1319.732 3.9 327.30 5.33 
24 Ras-related protein RABC1                                           O23657 1438.736 1.6 378.60 11.64 
24 Ras-related protein RABE1c                                                   P28186 1574.777 -2.4 343.70 11.53 
24 Clathrin light chain 2                                                               O04209 1072.563 0.9 313.90 10.67 
24 Vacuolar-sorting receptor 3                                               O80977 1513.837 0.9 524.10 17.32 
24 Aquaporin PIP2-2                                                               P43287 1234.570 1.5 377.30 13.80 
24 Aquaporin PIP1-2                                                                 Q06611 1033.604 0.5 321.80 5.34 
24 ABC transporter B family member 27                       Q0WML0 1260.654 -1.1 353.00 5.47 
24 ABC transporter G family member 11                 Q8RXN0 1248.622 1.2 320.10 9.38 
24 Putative ion channel POLLUX-like 1                    Q8VZM7 1494.671 -5.0 432.30 22.40 
24 Potassium transporter 7                                                Q9FY75 1386.799 0.5 308.70 6.16 
24 Calcium-transporting ATPase 8                                Q9LF79 941.614 1.1 385.20 9.43 
24 Novel plant SNARE 13                                              Q9LRP1 1929.029 1.1 471.70 11.23 
24 Clathrin light chain 1                                                                   Q9SKU1 1435.743 -2.3 305.20 7.56 
24 Alpha-soluble NSF attachment protein 2                               Q9SPE6 1720.864 -1.0 478.60 20.41 
24 ABC transporter G family member 7                                        Q9ZU35 1482.759 -1.6 554.70 7.07 
24 ABC-2 type transporter family protein                                   A0A1P8B1W8 1482.759 -1.6 554.70 7.07 
24 ABC-2 type transporter family protein                                  A0A1P8B1X3 1482.759 -1.6 554.70 7.07 
24 ABC-2 type transporter family protein                                  A0NAA8 1482.759 -1.6 554.70 7.07 
24 Major facilitator superfamily protein                                 A8MR14 1092.532 -1.1 309.20 6.19 
24 Plasma membrane intrinsic protein 1B                                                                 B9DFR9 1033.604 0.5 321.80 5.34 
24 Alpha-soluble NSF attachment protein 2        F4IZC8 1720.864 -1.0 478.60 20.41 
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24 Putative plant snare 13                                        F4J563 1929.029 1.1 471.70 11.23 
24 SNARE-like superfamily protein                                                           F4KDI1 1137.558 0.6 246.60 3.61 
24 MD-2-related lipid recognition domain-containing protein                                         Q9SF20 1322.643 -2.1 356.20 5.87 
Structure 
0, 12 , 18, 24  Annexin D2                                                                                       Q9XEE2 1486.742 -0.3 427.70 22.55 
0, 12, 24  Annexin                                                                                              F4KGH1 1409.691 -1.2 397.10 27.38 
6, 18, 24  Tubulin beta-5 chain                                                                                                          P29513 1139.694 0.1 402.50 27.85 
6 Tubulin alpha chain                                                                                                           B9DFF8 1701.906 1.7 499.40 14.91 
12,24 Tubulin beta-2 chain                                                             Q56YW9 1296.607 -0.2 322.40 6.31 
12 Tubulin beta-3 chain                                                                Q9ASR0 1296.607 -0.2 322.40 6.31 
18,24 Tubulin alpha-5 chain                                                                  B9DHQ0 1531.905 1.8 533.40 13.75 
18,24 Probable elongation factor 1-gamma 1                                  O04487 2015.044 -0.6 548.30 9.81 
18 Tubulin alpha-3 chain                                                                 Q56WH1 1531.905 1.8 533.40 13.75 
24 Actin-7                                                                                  P53492 1163.598 -0.5 421.80 25.92 
24 Actin-2                                                                       Q96292 1891.863 -1.1 385.40 9.47 
24 Actin-8                                                                      Q96293 1891.863 -1.1 385.40 9.47 
24 Actin 2                                                                        F4J8V9 1891.863 -1.1 385.40 9.47 
Metabolic process 
0, 24  Adenine nucleotide alpha hydrolases-like superfamily protein (hydrolase )                                                                   Q9M328 2159.105 0.9 455.9 17.09 
0 UDP-glucose pyrophosphorylase 2                                              F4KGY8 1312.758 2.2 359.7 6.3 
12, 24 Nitrilase 1                                                                                          P32961 2052.050 -1.9 522.00 9.74 
12, 18, 24  Cytochrome P450 71B28                                                       Q9SAE3 1406.743 1.4 562.20 11.43 
12 Probable fructokinase-1                                                         Q9SID0 991.594 0.1 300.10 10.66 
12, 18, 24 Cytochrome P450 71A22                                                        Q9STL1 1628.937 -0.5 345.50 10.54 
12 Adenine phosphoribosyl transferase 1                                      F4HSX1 1868.085 2.9 344.90 7.17 
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12 Endoglucanase 25                                                                       Q38890 1041.642 2.2 426.00 7.63 
18, 24  Cytochrome P450 71B34                                                                   Q9LIP6 1317.726 -1.6 312.20 8.95 
18,24 Formate--tetrahydrofolate ligase                                            Q9SPK5 2137.081 1.5 366.00 45.05 
18, 24 Triacylglycerol lipase-like 1                                                                                  A0A1P8AVY3 2056.896 -1.9 546.30 18.41 
18, 24  E3 ubiquitin-protein ligase RNF170-like protein (DUF 1232)                  A0A1P8AWL5 1148.613 1.3 341.20 7.76 
18, 24 Triacylglycerol lipase-like 1                                                                               F4HRB4 2056.896 -1.9 546.30 18.41 
18, 24 E3 ubiquitin-protein ligase RNF170-like protein (DUF 1232)  Q93WJ5 1148.613 1.3 341.20 7.76 
18 Cytochrome P450, family 94, subfamily D, polypeptide 2               Q9LXX7 1227.694 1.0 348.70 6.92 
24 NAD(P)-binding Rossmann-fold superfamily protein                                    Q9SZB3 1405.878 1.7 408.00 7.27 
24 NAD(P)-binding Rossmann-fold superfamily protein                                F4JIW8 1405.878 1.7 408.00 7.27 
24 Cytochrome P450 71B2                                                     O65788 964.561 0.6 302.30 4.67 
24 Phosphoglucomutase/phosphomannomutase family protein F4I6W4 1999.082 -1.4 528.70 24.49 
24 Cytochrome P450 72A15                                       Q9LUC5 1629.885 4.8 423.20 7.27 
24 Ascorbate peroxidase 1                                                             F4HU93 1611.910 0.5 550.60 8.73 
24 E3 ubiquitin-protein ligase RNF170-like protein (DUF 1232)          F4I1E4 1148.613 -1.5 326.50 4.14 
24 Cytochrome P450 - like protein                                                        O49652 2319.234 0.7 461.50 24.86 
24 E3 ubiquitin-protein ligase RNF170-like protein (DUF 1232)          Q0WWX8 1148.613 -1.5 326.50 4.14 
24 Adenine nucleotide alpha hydrolases-like superfamily protein     Q94II5 1642.763 -1.6 329.90 8.65 
24 Adenine nucleotide alpha hydrolases-like superfamily protein  Q9SIJ8 1642.763 -1.6 329.90 8.65 
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4.5.2 The EndoTrap® HD Endotoxin removal affinity 
chromatography 
 
The EndoTrap® affinity procedure is generally used for the removal of bacterial 
endotoxins from an aqueous solution.  The ligand utilized by the EndoTrap® system 
is a bacteriophage-derived protein that has affinity for LPS from Gram-negative 
bacteria and specifically binds to the inner core, hence resulting in the Lipid A and O-
chain polysaccharide to act as bait for candidate LPS-interacting PM-associated 
proteins (Vilakazi et al., 2017). On this basis the LPS chemotypes (Xcc 8004 and 
Xcc 8530) were first complexed with the PM-associated protein fraction to allow 
interaction prior to enrichment of the candidate LPS-interacting proteins as described 
in section 3.3.1. The elution profiles obtained due to the spectrophotometric 
analyses of the binding and elution events of a representative 6 h time study are 
illustrated in Figure 4.15.  The elution profiles obtained for the remainder of the time 
study are illustrated in the supplementary section in Figure S7. The elution profile for 
the control which was used as a measure of the non-specific binding of PM proteins 
to the EndoTrap® bacteriophage-derived protein resin (no LPS immobilization) is 
also illustrated in Figure S7 in the supplementary section.    
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Figure 4.15: The elution profile of the binding and desorption events between the LPS-immobilized to 
the bacteriophage EndoTrap® resin and the interacting PM-associated candidate proteins for the 6 h 
time study from A. thaliana for A) LPS chemotype treated Xcc 8004 and B) LPS chemotype treated 
Xcc 8530. The orange curve represents the absorbance of the flow-through (non-bound proteins) 
fractions eluted with 10 mM Tris-HCl, and the blue curve represents the absorbance of the PM-
associated LPS-interacting candidate proteins desorbed from the column with the EndoTrap® HD 
equilibration buffer (EQ).  
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The candidate LPS-interacting PM-associated proteins that were desorbed from the 
LPS-immobilized EndoTrap® affinity column by 1% SDS were pooled and 
precipitated to the required concentration as described in section 3.3.4. In-solution 
LC/MS/MS was then employed to identify the PM-associated candidate proteins 
following treatment with Xcc 8004 and Xcc 8530 LPS chemotypes, and subsequent 
to interaction with the EndoTrap® affinity chromatography system (section 3.4.). 
The results are tabulated in Table 4.5 and Table 4.6, which shows that more 
proteins were identified for A. thaliana LPS chemotype Xcc 8004-treated PM 
fractions than the LPS chemotype Xcc 8530 counterparts. This can be attributed to 
the significant structural differences in the LPS moieties. The mutant strain LPS 
chemotype Xcc 8530 moieties consist of a truncated core oligosaccharide, lipid A 
modification and absence of the O-chain whilst the Xcc 8004 wild-type strain 
comprise of the typical moieties (O-chain, core oligosaccharide and Lipid A). Binding 
the resin to the mutant strain would cause implications in the capturing of the LPS-
interacting PM proteins due to limited available moieties to bind to. The counterpart 
proteins with low scores are tabulated in Table S4, while those from the control (non-
specific binding to resin with no LPS immobilization) are listed in Table S3 and were 
not considered as interacting candidate proteins. 
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Table 4.5: The candidate LPS-interacting PM-associated proteins identified by LC/MS/MS after enrichment with the EndoTrap® HD affinity chromatography for the 
time study 0, 6, 12, 18 and 24 h subsequent to A. thaliana treatment with LPS chemotype Xcc 8004. The proteins are arranged in functional categories, and the table 
heading descriptions are as for those described in Table 4.3. 
 
Sample 
number 
Protein Accession 
number 
Calculated 
Mass (M+H) 
Mass 
error 
(ppm) 
Byonic™ 
score 
|log 
probability| 
Perception and siganling  
24 Disease resistance protein (TIR-NBS class) A0A1P8B919 1234.598 9.3 262.2 1.16 
24 Disease resistance protein (TIR-NBS class) A0A1P8B934 1234.598 9.3 262.2 1.16 
24 Disease resistance protein (TIR-NBS class) A0A1P8B928 1234.6 9.30 262.20 1.16 
24 Disease resistance protein (TIR-NBS class) A0A1P8B927 1234.6 9.30 262.20 1.16 
24 Disease resistance protein (TIR-NBS class) A0A1P8B920 1234.6 9.30 262.20 1.16 
Defense and stress response 
0, 24 Jacalin-related lectin 35                                             O04309 1864.892 0.7 489.2 18.35 
0,6 Myrosinase-binding protein 1                     Q9SAV0 1459.827 2.2 414.5 13.32 
24 Mannose-binding lectin superfamily protein              A0A1I9LQM9 1864.892 0.7 489.2 18.35 
Membrane trafficking and transport 
0 h 8004 ATPase 2                                                                               P19456 1040.574 -0.2 310.9 7.37 
 Aquaporin PIP2-1                                                      P43286 1069.568 1.2 377 6.58 
 V-type proton ATPase subunit H                  Q9LX65 1429.79 0.3 372.6 4.83 
 Plasma membrane ATPase                        F4JPJ7 1040.574 -0.2 310.9 7.37 
Structure 
0 h 8004 Tubulin alpha-2 chain                                                 B9DGT7 1701.906 -1 390.6 11.6 
 Tubulin alpha-6 chain                                              P29511 1701.906 -1 390.6 11.6 
  Tubulin alpha-4 chain                                       Q0WV25 1701.906 -1 390.6 11.6 
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 Annexin D1                                                        Q9SYT0 1150.683 0.5 349.8 5.51 
 Tubulin alpha chain                                       B9DFF8 1701.906 -1 390.6 11.6 
                             Metabolism  
6, 18  Aldolase-type TIM barrel family protein   A8MS37 1056.605 -0.7 314.1 9.11 
6, 18 Aldolase-type TIM barrel family protein   Q2V3V9 1056.605 -0.7 314.1 9.11 
6, 18  Aldolase-type TIM barrel family protein  B3H4B8 1056.605 -0.7 314.1 9.11 
 
 
 
Table 4.6: The candidate LPS-interacting PM-associated proteins identified by LC/MS/MS after the enrichment with the EndoTrap® HD affinity chromatography for the 
time study 0, 6, 12, 18 and 24 h subsequent to A. thaliana treatment with LPS chemotype Xcc 8530. The proteins are arranged in functional categories, and the table 
heading descriptions are as for those described in Table 4.3. 
Time study (h) Protein Accession 
number 
Calculated 
Mass (M+H) 
Mass 
error 
(ppm) 
Byonic™ 
score 
|log 
probability| 
Defense and stress response 
0 Myrosinase-binding protein 1                     Q9SAV0 1459.827 0.6 444.7 3.77 
24  PLAT domain-containing protein 1           O65660 978.5 -0.4 185.6 1.28 
Structure 
0, 6, 18  Annexin D1                                                      Q9SYT0 1150.683 0.5 349.8 5.51 
Metabolic process 
0  Aldolase-type TIM barrel family protein A8MS37 1072.615 0.3 316.7 3.84 
0 Aldolase-type TIM barrel family protein  B3H4B8 1072.615 0.3 316.7 3.84 
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4.5.3 The MagReSyn™ streptavidin magnetic polymeric 
microsphere affinity chromatography 
 
The MagReSyn™ streptavidin magnetic polymeric microspheres, which have a high 
capacity for binding biotinylated molecules, were employed as an affinity 
chromatography system to specifically capture and enrich the candidate LPS-
interacting PM-associated proteins. As such, the LPS chemotypes from Xcc 8004 
and Xcc 8530 were biotinylated by a transesterification reaction, as described in 
section 3.1.4, prior to immobilization. Here, the Lipid A and O-chain polysaccharide 
chains are biotinylated, thus allowing the capture, as described in section 3.3.3, of 
candidate LPS–interacting PM proteins through the core oligosaccharide of the LPS 
(Giangrande et al., 2013; Vilakazi et al., 2017). Figure 4.16 illustrates the 
spectrophotometric analysis of the elution profiles obtained by the binding and 
elution events in response to the change in eluents for the 6 h time study. The 
remainder of the elution profiles for the time study is illustrated in Figure S8, and 
includes the control that was used to identify the non-specific interaction between the 
MagReSyn™ streptavidin polymeric microspheres (no LPS immobilization) and the 
PM proteins of A. thaliana.  
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Figure 4.16: The elution profiles of the binding and desorption events between the LPS-immobilized 
MagReSyn™ streptavidin polymeric microspheres and candidate interacting PM-associated proteins 
from A. thaliana 6 h treatment of A) LPS chemotype Xcc 8004 and B) LPS chemotype Xcc 8530. The 
blue curve represents the absorbance of the flow through (non-bound proteins) fraction eluted with 10 
mM Tris-HCl from the resin. The red curve represents the absorbance of the non-specific fraction of 
proteins that are eluted with 1 M NaCl and lastly the black curve represents the candidate LPS-
interacting PM-associated proteins that are eluted with 1% SDS.  
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MAMP-interacting candidate proteins were desorbed from the MagReSyn® 
streptavidin polymeric microspheres by 1% SDS, after which the protein fractions 
were pooled and precipitated to a significant concentration as described in section 
3.3.4. Subsequently, in-solution LC/MS/MS was employed to identify the significant 
PM-associated LPS-interacting proteins following treatment with LPS chemotypes 
Xcc 8004 and Xcc 8530, and tabulated in Table 4.7 and Table 4.8 following 
consideration of Byonic® scores and log probabilities above the threshold. The low 
score counterpart proteins are tabulated in Table S6 while those which interact with 
the MagReSyn streptavidin microspheres (no LPS immobilization) are tabulated as 
control protein in Table S5 and were not considered as interacting candidates.  
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Table 4.7: The candidate LPS-interacting PM-associated proteins identified by LC/MS/MS after the enrichment with the LPS-immobilized MagReSyn™ 
streptavidin polymeric microspheres affinity chromatography for the time study 0 h, 6 h, 12 h, 18 h and 24 h subsequent to A. thaliana treatment with LPS 
chemotype Xcc 8004. The proteins are arranged in functional categories, and the table heading descriptions are as for those described in Table 4.3. 
Time study 
(h) 
Protein Accession 
number 
Calculated 
Mass (M+H) 
Mass 
error 
(ppm) 
Byonic™ 
score 
|log 
probability| 
Perception and signalling 
6, 18 Putative GTP-binding protein ara-3                             Q9FJF1 1071.641 0.2 447.5 12.69 
18 Probable calcium-binding protein CML13                          Q94AZ4 1796.881 0.2 36.9 7.3 
18 Rab GTPase-like A5A protein                                                       A0A1P8AVC8 1333.747 0.3 402.6 6.62 
24 Serine/threonine-protein kinase BSK7                                      F4I3M3 1758.87 -2 133.5 2.88 
24 Serine/threonine-protein kinase BSK8                                Q9FHD7 1758.87 -2 133.5 2.88 
24 Plasma-membrane associated cation-binding protein 1  F4JUT8 2421.197 0.5 344.3 8.98 
24 Plasma-membrane associated cation-binding protein 1  F4JUT9 2421.197 0.5 344.3 8.98 
24 Putative BPI/LBP family protein At1g04970                                Q9MAU5 1021.608 0.7 210.1 3.79 
Defense and stress response 
0 Hypersensitive-induced response protein 3         Q9SRH6 1519.775 -1.5 353.3 8.5 
6,18, 24 Heat shock protein 70 (Hsp 70) family protein            A0A1P8BF32 1659.895 0.4 315.40 10.81 
6, 18 Heat shock protein 70 (Hsp 70) family protein             F4K007 1659.895 0.4 315.40 10.81 
18 MLP-like protein 423                                                                   Q93VR4 1568.839 -1.5 359.9 6.67 
18 Mannose-binding lectin superfamily protein              A0A1I9LQM9 981.609 -0.2 117.4 2.17 
24 Aluminum induced protein with YGL and LRDR motifs            Q9FG81 1504.837 1.5 324.8 8.6 
Membrane trafficking and transport 
0, 18  Ras-related protein RABB1c                            P92963 1550.76 1.8 460.6 7.54 
0 Ras-related protein RABA1h                           Q1PEX3 1080.568 -1 345.20 3.69 
0 Ras-related protein RABA1b                      Q39222 1333.747 0.8 345.2 3.69 
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0 Ras-related protein RABG3d                   Q9C820 1677.86 1 345.20 3.69 
0 Ras-related protein RABG3c                        Q9LW76 1677.86 1 345.20 3.69 
0 Ras-related protein RABA1f                      Q9FJH0 1080.568 -1 345.20 3.69 
0 Ras-related protein RABA1c                     Q9FK68 1080.568 -1 345.20 3.69 
0 Ras-related protein RABA1g                    Q9LK99 1080.568 -1 345.20 3.69 
6  Ras-related protein RABA1e                                                O49513 1057.625 0.2 391.9 5.65 
6, 18  Ras-related protein RABE1c                                                P28186 1071.641 0.2 447.5 12.69 
6, 12, 18, 24 Ras-related protein RABA5c                                              P28187 1333.747 0.7 311.1 5.41 
6, 18 Ras-related protein RABE1e                                              Q9SF91 1071.641 0.2 447.5 12.69 
12, 18 Ras-related protein RABA5e                                                  P19892 1333.744 -2.8 276.7 4.27 
18, 24 Ras-related protein RABA1a                                                        P28185 1347.763 0.7 351.4 8.06 
18, 24  V-type proton ATPase subunit G1                                                  O82628 2403.274 0.5 330.2 8.3 
24 Ras-related protein RABD2c                                            Q9SEH3 1708.879 1.2 309.4 8.13 
24 Ras-related protein RABF2b                                           Q9SN68 1041.63 0.2 303.2 7.07 
24 Ras-related protein RABG3e                                             Q9XI98 1036.567 1.5 309.1 11.54 
24 Ras-related protein RABG3a                                             Q948K8 1159.59 1.3 354.2 17.64 
24 ATPase 2                                                                                      P19456 1040.574 -0.2 345.5 11.63 
24 V-type proton ATPase subunit d2                                          Q9LHA4 1601.886 0.7 562 18.59 
24 Exocyst complex component EXO70A1                                  Q9LZD3 1314.778 1 340 11.99 
24 Plasma membrane ATPase                                                F4JPJ7 1040.574 -0.2 345.5 11.63 
24 Exocyst subunit exo70 family protein A1                F4KGM7 1314.778 1 340 11.99 
24 ADP-ribosylation factor A1F                                  Q6ID97 1565.759 -0.8 310.4 8.57 
Structure 
6, 18 Tubulin beta-1 chain                                                             P12411 1139.694 0 343.6 6.21 
6, 18, 24 Tubulin beta-4 chain                                                                P24636 1139.694 0 343.6 6.21 
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6, 18 Tubulin beta-6 chain                                                           P29514 1139.694 0 343.6 6.21 
6, 18 Tubulin beta-7 chain                                                              P29515 1139.694 0 343.6 6.21 
6, 18 Tubulin beta-8 chain                                                              P29516 1139.694 0 343.6 6.21 
6, 18 Tubulin beta-9 chain                                                                P29517 1139.694 0 343.6 6.21 
6, 18 Tubulin beta-2 chain                                                           Q56YW9 1139.694 0 343.6 6.21 
6, 18 Tubulin beta-3 chain                                                            Q9ASR0 1139.694 0 343.6 6.21 
18 Tubulin beta-5 chain                                                                      P29513 1139.694 0.1 374.4 6.79 
24 Tubulin alpha-5 chain                                                                B9DHQ0 1701.906 1.2 401.3 10.02 
24 Tubulin alpha-3 chain                                                               Q56WH1 1701.906 1.2 401.3 10.02 
24 Annexin D2                                                                        Q9XEE2 1158.725 0.7 266.8 25.04 
24 Annexin                                                                     F4KGH1 1158.725 0.7 266.8 25.04 
Metabolic process 
6, 12, 18  Aldolase-type TIM barrel family protein                        A8MS37 1245.731 0.7 375.9 22.16 
6, 12, 18  Aldolase-type TIM barrel family protein                       B3H4B8 1245.731 0.7 375.9 22.16 
12, 18, 24  Aldolase-type TIM barrel family protein                               Q2V3V9 1072.615 0.5 323.4 6.71 
18, 24  Nitrilase 1                                                                                           P32961 880.477 -0.1 313.4 7.42 
18, 24  Temperature-induced lipocalin-1                                          Q9FGT8 1037.578 0.3 314.1 6.05 
24 Adenine phosphoribosyl transferase 1                               F4HSX1 1471.867 2.4 388.6 13.77 
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Table 4.8: The candidate LPS-interacting PM-associated proteins identified by LC/MS/MS after the enrichment with the LPS-immobilized MagReSyn™ streptavidin 
polymeric microspheres affinity chromatography for the time study 0, 6, 12, 18 and 24 h subsequent to A. thaliana treatment with LPS chemotype Xcc 8530. The 
proteins are arranged in functional categories, and the table heading descriptions are as for those described in Table 4.3. 
Time study 
(h) 
Protein Accession 
number 
Calculated 
Mass (M+H) 
Mass 
error 
(ppm) 
Byonic™ 
score 
|log 
probability| 
Perception and signaling 
6 
Probable leucine-rich repeat receptor-like serine/threonine-protein kinase 
At3g14840         C0LGN2 932.541 0.4 307.2 6.11 
6 Serine/threonine-protein kinase BSK7                                                                                                     F4I3M3 1758.87 0.3 340.4 9.97 
6 Phototropin-2                                                                                P93025 1321.736 4.7 371.3 18.7 
6 Nicastrin                                                                                             Q8GUM5 1562.817 3.1 300.9 14.97 
6 MDIS1-interacting receptor like kinase 2                                   Q8VZG8 1650.87 3 431.9 9.47 
6 Phospholipase D delta                                                              Q9C5Y0 1293.716 1.6 405.9 36.57 
6 Putative MO25-like protein At4g17270                        Q9M0M4 1027.615 -1 362.4 5.42 
6 Membrane steroid-binding protein 2        Q9M2Z4 1591.761 2.2 406.3 14.86 
6, 24  Probable inactive receptor kinase At3g02880               Q9M8T0 1847.95 -0.8 376.3 29.44 
6, 12, 24   Putative BPI/LBP family protein At1g04970                  Q9MAU5 1291.81 -0.1 215.5 4.41 
6 Receptor-like protein kinase FERONIA                            Q9SCZ4 1429.711 1.8 328.6 7.09 
6 
Putative leucine-rich repeat receptor-like serine/threonine-protein kinase 
At2g04300       Q9SI06 878.473 -0.1 242 2.34 
6 Auxin transport protein BIG                                          Q9SRU2 1256.757 2.2 403.9 7.1 
6 Phosphatidylinositol 4-kinase alpha 1                       Q9SXA1 1964.041 1.5 358.9 8.47 
6 Carbohydrate-binding-like fold                                     A0A1I9LSH2 1737.949 -2.1 270.6 16.59 
6 Phosphatidylinositol 3-and 4-kinase family protein     A0A1P8AWA3 1964.041 1.5 358.9 8.47 
6 GPI-anchored adhesin-like protein                                       A0A1P8BAU8 2174.094 -0.8 294.5 10.23 
6 Leucine-rich repeat protein kinase family protein                                                                             Q8GZ99 1444.764 5.4 305.6 22.64 
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6 Putative Sar1 GTP binding protein                                     Q8VYP7 1160.667 0.7 424.1 12.37 
6 GPI-anchored adhesin-like protein                               Q9FF91 2174.094 -0.8 294.5 10.23 
6 Nicalin                                                                                           Q9M292 2672.363 4.5 423.2 36.11 
6 
Late embryogenesis abundant (LEA) hydroxyproline-rich glycoprotein 
family                        Q9M386 1692.823 0.1 385.2 10.49 
6 Cysteine-rich RLK (RECEPTOR-like protein kinase) 10        A0A1P8B575 1315.657 -0.6 324.3 17.5 
6 Cysteine-rich RLK (RECEPTOR-like protein kinase) 10       A0A1P8B597 1315.657 -0.6 324.3 17.5 
6 Cysteine-rich receptor-like protein kinase 10                          Q8GYA4 1315.657 -0.6 324.3 17.5 
6 MD-2-related lipid recognition domain-containing protein                                                              Q9SF20 1322.643 -1 406.9 10.63 
6 Lectin-like protein                                                                 Q9LZF5 2120.051 -0.4 430.1 14.53 
6, 24  Phosphoinositide phospholipase C 2                                  Q39033 1167.516 -0.6 476.1 11.96 
24 Phosphoinositide phospholipase C                                          F4IX90 1167.516 -0.3 240.8 9.72 
24 Plasma-membrane associated cation-binding protein 1    F4JUT9 1146.641 0.5 392.1 12.27 
Defense and stress response 
6 Jacalin-related lectin 35                                                                                                                         O04309 1839.937 -0.3 519.6 37.48 
6 Cytochrome P450 83B1                                                                                  O65782 1422.701 1.1 361.1 17.65 
6 Remorin                                                                                                        O80837 1746.887 3.3 314.6 17.8 
6 Myrosinase 1                                                                                 P37702 1744.865 1.1 460.4 27.51 
6 Dehydrin ERD14                                                                       P42763 896.488 0.1 244.8 10.08 
6 MLP-like protein 423                                                                     Q93VR4 1568.839 -0.2 362.3 10.05 
6 Protein disulfide-isomerase 5-2                                              Q94F09 1435.816 1.2 343.9 7.91 
6 Hypersensitive-induced response protein 4                      Q9FHM7 1466.764 1 446.9 24.77 
6 Adenosine kinase 1                                                            Q9SF85 1711.865 -0.9 387.5 22.93 
6 Probable protein phosphatase 2C 20                       Q9SIU8 1764.938 3 360.7 28 
6 Receptor-like protein 51                                            Q9SN38 1443.842 1.3 283.5 11.09 
6, 18 Hypersensitive-induced response protein 3             Q9SRH6 1220.616 0.1 379.3 14.96 
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6 Jacalin-related lectin 5                                                 Q9ZU23 1340.658 -0.7 377.5 7.84 
6 Adenosine kinase 2                                                            A0A1P8BAP0 1711.865 -0.9 387.5 22.93 
6 Remorin family protein                                                      A0A1P8BFC2 1556.864 1.2 293.7 8.01 
6 Remorin family protein                                                     F4KEA0 1556.864 1.2 293.7 8.01 
6 Remorin family protein                                                        Q9FFA5 1556.864 1.2 293.7 8.01 
6 Aluminum induced protein with YGL and LRDR motifs            Q9FG81 1504.837 0.4 414.1 8.15 
6 Adenine nucleotide alpha hydrolases-like superfamily protein                                                        Q9LSP5 1961.034 1 438.4 14.73 
12 Heat shock protein 70 (Hsp 70) family protein            A0A1P8BF32 1659.895 0.5 373.9 18.64 
12 Heat shock protein 70 (Hsp 70) family protein             F4K007 1659.895 0.5 373.9 18.64 
Membrane trafficking and transport 
0, 6, 24  ATPase 2                                                                          P19456 1343.757 1.3 493.7 62.59 
0, 6, 24  V-type proton ATPase subunit d2                              Q9LHA4 1601.886 -0.1 491.1 11.96 
0, 6, 24  Plasma membrane ATPase                                       F4JPJ7 1523.858 1.7 398.1 13.47 
0, 12  Ras-related protein RABG3b                      O04157 1187.621 0.1 360.90 6.92 
0, 6 Ras-related protein RABA1a                                     P28185 1347.763 3.2 456.3 19.55 
0, 6, 12  Ras-related protein RABB1c                        P92963 1319.732 0.6 492.5 12.68 
6 Ras-related protein RABA5c                                                         P28187 1333.747 1.8 500.7 20.15 
6 Ras-related protein RABG1                                                         Q948K6 1071.641 0.3 485.1 5.73 
6, 12  Ras-related protein RABD2c                                            Q9SEH3 1708.879 2.2 477.7 12.81 
6 Ras-related protein RABA4a                                                 Q9FJN8 1381.714 3.8 371.2 8.7 
6 Ras-related protein RABG3a                                                      Q948K8 1043.61 -0.5 343.3 9.17 
6 Ras-related protein RABF2b                                          Q9SN68 1041.63 0.4 383.6 6.67 
6 V-type proton ATPase subunit G1                                                          O82628 1338.642 -1.1 334.3 32.02 
6 Vesicle-associated membrane protein 722                              P47192 1368.741 2.8 311.6 13.91 
6 Cell division control protein 48 homolog A                              P54609 1786.922 8.8 330.8 13.81 
129 
 
6 Cytochrome b5 isoform E                                                        Q42342 1641.812 -0.1 420.8 8.74 
6 Patellin-3                                                                                         Q56Z59 1186.668 -0.2 377.9 6.41 
6, 24  Patellin-2                                                                                           Q56ZI2 1520.784 1.3 390.4 19.95 
6 ABC transporter C family member 4                                         Q7DM58 1076.646 -0.6 327.5 6.23 
6 Sodium/calcium exchanger NCL                                                   Q8L636 2453.183 0.8 362.2 17.6 
6 Syntaxin-132                                                                                     Q8VZU2 1079.512 -0.1 348.1 9.45 
6 Sugar transporter ERD6-like 4                                                     Q93YP9 1219.668 1.1 308.6 11.53 
6 ABC transporter G family member 22                                         Q93YS4 1044.641 0.9 338.4 11.56 
6 TOM1-like protein 1                                                             Q9LFL3 1281.646 0.5 324.7 6.52 
6 ATPase 11                    Q9LV11 1574.827 -1.7 364.4 22.73 
6 V-type proton ATPase subunit H                                        Q9LX65 847.54 -0.5 384.1 13.08 
6 Secretory carrier-associated membrane protein 3         Q9M5P2 1643.843 1.1 356.4 11.34 
6 V-type proton ATPase subunit B2                             Q9SZN1 1385.731 0 420.6 18.71 
6 Calcium-transporting ATPase 10                              Q9SZR1 1042.6 -0.7 307 15.03 
6 V-type proton ATPase subunit F                                Q9ZQX4 1286.638 0.1 313 18.41 
6 PATELLIN 2                                                                      A0A1P8ANK1 1520.759 1.3 390.4 19.95 
6 ABC-2 type transporter family protein                                A0A1P8BAZ0 1044.641 0.9 338.4 11.56 
6 Dicarboxylate transporter 1                                                B3H4S6 1014.635 1.9 365.7 6.3 
6 Synaptobrevin-related protein 1                                                           B9DH97 1368.741 2.8 311.6 13.91 
6 Secretory carrier-associated membrane protein                 F4HTI7 1643.843 1.1 356.4 11.34 
6 Syntaxin of plants 132                                                        F4K9K2 1079.512 -0.1 348.1 9.45 
6 Target of Myb protein 1                                                      F4KFJ2 1288.646 0.5 324.7 6.52 
6 ADP-ribosylation factor A1F                                                 Q6ID97 1646.769 -1.1 457.8 27.88 
6 B-cell receptor-associated 31-like protein                                                                                 Q93XZ7 1014.583 0.7 325.2 12.39 
6, 12  Ammonium transporter 1-like protein                                                          Q93Z11 1996.132 0.1 522.3 15.57 
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6 Nuclear transport factor 2 (NTF2) family protein                Q9FMC7 1090.589 1.2 332.2 4.72 
6 Calcium-dependent lipid-binding (CaLB domain) family protein                                                                                       Q9LEX1 1214.699 0.8 311.8 28.81 
6 Adenine nucleotide transporter 1                                        F4JHS4 1426.765 -0.5 309.3 16.51 
6 Aquaporin TIP2-1 Q41951 1846.897 0 -0.4 15.84 
12 ATPase 5                                                                                     Q9SJB3 1040.574 -0.6 313.6 5.12 
12 Plasma membrane ATPase                                                  A0A1P8B2U9 1040.574 -0.6 313.6 5.12 
12 Plasma membrane ATPase                                                  A0A1P8B2Y6 1040.574 -0.6 313.6 5.12 
12 ATPase, F1 complex, alpha subunit protein               F4IMB5 1572.744 0 479.8 31.13 
24 Ras-related protein RABA1e                                                         O49513 1080.568 -0.5 338 10.2 
24 Ras-related protein RABG3e                                             Q9XI98 1187.621 0.3 340.2 12.05 
Structure 
0, 12  Tubulin beta-1 chain                                                  P12411 1139.694 0 333.10 5.29 
0, 6, 12  Tubulin beta-4 chain                                                  P24636 1139.694 0.1 368 10.14 
0,6, 24  Tubulin alpha-6 chain                                                P29511 1701.906 0 388.7 13.45 
0, 12  Tubulin beta-6 chain                                                   P29514 1139.694 0 333.1 13.25 
0, 12  Tubulin beta-7  chain                                                          P29515 1139.694 0.1 368 10.14 
0, 12  Tubulin beta-8 chain                                                   P29516 1139.694 0.1 368 10.14 
0, 12  Tubulin beta-9 chain                                                    P29517 1139.694 0.1 368 10.14 
0, 12 Tubulin beta-2 chain                                                   Q56YW9 1139.694 0 333.1 13.25 
0, 12  Tubulin beta-3 chain                                                  Q9ASR0 1139.694 0 333.1 13.25 
0, 24 Tubulin alpha chain                                                B9DFF8 1701.906 0 388.7 13.45 
6 Actin 2                                                                                  F4J8V9 2331.165 0.9 424.6 35.36 
12, 24  Annexin D2                                                                             Q9XEE2 1158.725 0.6 318.2 11.15 
24 Tubulin alpha-5 chain                                                                B9DHQ0 1701.906 0 363.4 7.72 
24 Tubulin alpha-3 chain                                                             Q56WH1 1701.906 0 363.4 7.72 
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Metabolic process 
0, 24  Aldolase-type TIM barrel family protein          A8MS37 2728.514 1.9 608.90 42.43 
0, 24  Aldolase-type TIM barrel family protein           B3H4B8 2728.514 1.9 608.90 42.43 
0 Aldolase-type TIM barrel family protein             F4JFV6 1457.800 3.2 383.5 6.74 
0, 24 Aldolase-type TIM barrel family protein           Q2V3V9 2728.514 1.9 608.9 42.43 
6 Lactoylglutathione lyase GLX1                                   O65398 1039.578 0.2 342 26.75 
6 Nitrilase 1                                                                                        P32961 1178.545 1.2 325.5 12.66 
6 Cytochrome P450 71B28                                              Q9SAE3 1406.743 2.1 424.1 12.27 
6 Probable fructokinase-1                                          Q9SID0 991.594 -0.7 346.6 15.53 
6 Phosphoglucomutase/phosphomannomutase family protein      F4I6W4 1540.822 1.8 409.70 23.39 
6 Aminopeptidase (DUF3754)                                                  Q8RWC3 1219.632 0.9 351.70 13.12 
6 NAD(P)-binding Rossmann-fold superfamily protein                                                     Q93VH5 905.505 0.5 311.2 11.81 
6 Adenine nucleotide alpha hydrolases-like superfamily protein                                                                   Q9M328 1286.71 1.2 345.8 25.68 
12 Temperature-induced lipocalin-1                                    Q9FGT8 1037.578 0.3 324.1 8.28 
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4.6 Overview of the functional categorization of the 
identified candidate LPS-interacting PM-associated 
proteins for the two LPS chemotypes subsequent to 
enrichment strategies. 
 
The significant proteins, subsequent to treatment with the LPS chemotypes Xcc 
8004 and Xcc 8530 for each of the respective affinity enrichment strategies, were 
identified by LC/MS/MS as described in section 4.5. Following completion of the 
functional categorization using the UniprotKb database and available literature, pie 
charts were created, from Tables 4.3 – 4.8 to generate Figure 4.17, for the two LPS 
chemotypes subsequent to each enrichment approach to give a general overview of 
the functional differences or similarities of the candidate LPS-interacting PM-
associated proteins.  
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Figure 4.17: Pie charts of the candidate LPS-interacting PM-associated proteins for A) polymyxin B, B) EndoTrap® HD  and C) MagReSyn™ streptavidin 
affinity chromatography for i) LPS chemotype Xcc 8004 and ii) LPS chemotype Xcc 8530, according to functional categories and expressed as percentages. 
The key representing each of the colours of the functional categories are indicated on the right.  
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Comparison of the pie charts obtained for each of the affinity chromatography 
enrichment strategies shows similarities as well as differences in the functional 
categories of the candidate LPS-interacting PM-associated proteins. Enrichment with 
polymyxin B shows significant similarities in the percentages of functional categories 
between the two LPS chemotypes, thus suggesting that the candidate interacting 
PM-associated proteins were enriched in a similar manner, i.e. the lipid A moiety is 
liganded to the matrix. The EndoTrap® HD affinity chromatography system (with the 
lipid A and O-chain sections acting as bait) highlighted differences in the functional 
groups between the two LPS chemotypes. The proteins involved in perception and 
signalling, as well as membrane trafficking and transport were not enriched by the 
affinity system for the LPS chemotype Xcc 8530. This can be attributed to the LPS 
moieties of this mutant with the absence of an O-chain polysaccharide, truncated 
core-oligosaccharide and a modification in the lipid A moiety according to Silipo et al. 
(2008), hence fewer and / or different moieties are available to act as bait for the 
LPS-interacting PM-associated proteins. Differences are based on the different 
ability of lipid A from Xcc 8004 (wild-type) and Xcc 8530 (mutant) to act as PAMPs 
(Silipo et al., 2008). This is due to the conformation of lipid A which is strongly 
influenced by both the negative charge, its distribution within the hydrophilic head-
group and by the degree of acylation (Silipo et al., 2008). The MagReSyn™ 
streptavidin affinity system also showed some functional enrichment differences 
between the two LPS chemotypes, with a higher percentage of perception and 
signalling as well as defense and response in the LPS chemotype Xcc 8530. The 
differences may be a result of the immobilization of the LPS to the affinity resin 
(resulting in affinity capture via the core region) which, in turn, affects the binding of 
candidate LPS-interacting PM-associated proteins.  
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4.7 Common identified candidate LPS-interacting PM-
associated proteins following enrichment approaches  
4.7.1 Comparison between the three affinity chromatography 
strategies  
 
The subsequent identification and functional categorization of the PM-associated 
proteins, as described in section 4.5, suggests proteins that play a role in the 
immunity and defense-related responses in A. thaliana to the LPS chemotypes Xcc 
8004 and Xcc 8530. Three enrichment strategies complimenting the different 
moieties of LPS were investigated in order to determine if similar or different PM-
associated proteins will be identified when the various molecular signatures of the 
MAMP are immobilized to the affinity resins. Accordingly, a LPS-interacting protein 
that is found common in two or more affinity enrichment strategies could be 
considered more significant than that being identified in only one approach (Vilakazi 
et al., 2017). Here, the common / shared enriched LPS-interacting PM-associated 
proteins in two or more affinity strategies are suggestive of proteins that participate in 
‘complexes’ when perceiving the LPS chemotypes.  However, individually enriched 
proteins also cannot be ignored, given the possible effects of the LPS moieties on A. 
thaliana PM MAMP perception. Comparative analysis of the three affinity enrichment 
strategies are shown for the two LPS chemotypes in Figure 4.18, with the numbers 
of common candidate LPS-interacting PM-associated proteins found overlapping and 
listed in Table 4.9 and Table 4.10. The family and subfamily proteins with the same 
function were considered and grouped as one, (regardless of the different accession 
numbers), in order to make the comparative analysis less redundant.  
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Figure 4.18: Venn diagrams showing the overlapping/common (numbers in intersection) and distinct 
(numbers in the circle candidate) LPS-interacting PM-associated proteins identified by the three 
enrichment strategies; blue: polymyxin B -, yellow: MagReSyn™ streptavidin magnetic polymeric 
microsphere - and green: EndoTrap® HD Endotoxin removal affinity chromatography for the A) LPS 
chemotype Xcc 8004 and B) LPS chemotype Xcc 8530.   
A) 
B) 
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    Table 4.9: Identification of the commonly enriched candidate LPS-interacting PM-associated proteins from the three affinity chromatography systems 
following A. thaliana treatment with LPS chemotype Xcc 8004.    
Protein
a 
Accession number
b 
Calculated Mass 
(M+H)
c 
Common candidate LPS-interacting PM-associated protein between Polymyxin B and MagReSyn
TM 
Putative GTP-binding protein ara-3 Q9FJF1 1164.59 
Putative BPI/LBP family protein At1g04970 Q9MAU5 1291.810 
MLP-like protein 423 Q93VR4 1568.839 
Heat shock protein 70 (Hsp 70) family protein F4K007 1659.895 
Ras-related protein RABE1c                                                P28186 1164.59 
Ras-related protein RABA1f                                                Q9FJH0 1333.747 
Ras-related protein RABG3a Q948K8 1043.610 
V-type proton ATPase subunit G1 O82628 1338.642 
V-type proton ATPase subunit d2 Q9LHA4 2152.070 
Tubulin alpha-5 chain   B9DHQ0 1701.906 
Annexin D2   Q9XEE2 1486.742 
Tubulin beta-2 chain Q56YW9 1296.607 
Nitrilase 1 P32961 1821.953 
Adenine phosphoribosyl transferase 1 F4HSX1 1471.867 
Common candidate LPS-interacting PM-associated protein between MagReSyn
TM
 and EndoTrap®
 
Mannose-binding lectin superfamily protein A0A1I9LQM9 1864.892 
ATPase 2 P19456 1040.574 
Plasma membrane ATPase F4JPJ7 1040.574 
Aldolase-type TIM barrel family protein A8MS37 1056.605 
a 
the protein identified by LC/MS/MS. 
b 
the accession number of the proteins. 
c
 the computed M+H precursor mass for the peptide spectrum matches (PSMs) 
The perception and signaling proteins are highlighted in red, the defense and response proteins are highlighted in blue and the membrane trafficking and transport are 
highlighted in green. The proteins highlighted in black pertain to structure and metabolic process.   
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Table 4.10: Identification of the commonly enriched candidate LPS-interacting PM-associated proteins from the three affinity chromatography systems 
following A. thaliana treatment with LPS chemotype Xcc 8530. The table descriptions are as for those in Table 4.9.   
Protein Accession number Calculated Mass 
(M+H) 
Common candidate LPS-interacting PM-associated protein between Polymyxin B and MagReSyn™ 
Putative MO25-like protein At4g17270                                 Q9M0M4 1027.615 
Membrane steroid-binding protein 2                                     Q9M2Z4 1591.761 
Putative BPI/LBP family protein At1g04970                           Q9MAU5 1291.810 
GPI-anchored adhesin-like protein                                             Q9FF91 2174.094 
Probable inactive receptor kinase At3g02880                       Q9M8T0 1086.554 
Probable leucine-rich repeat receptor-like serine/threonine-protein kinase At3g14840  C0LGN2 932.541 
UPF0496 protein At3g28310/At3g28320                                    Q9M386 1692.823 
Phosphatidylinositol 4-kinase alpha 1                                        Q9SXA1 1964.041 
B-cell receptor-associated 31-like protein                                                                                       Q93XZ7 1743.876 
Jacalin-related lectin 5                                                                Q9ZU23 1340.658 
Heat shock protein 70 (Hsp 70) family protein                                                            F4K007 1659.895 
Cytochrome P450 83B1                                                              O65782 1422.701 
Cysteine-rich RLK (RECEPTOR-like protein kinase) 10                          A0A1P8B597 1315.657 
Aluminum induced protein with YGL and LRDR motifs                          Q9FG81 1475.810 
Remorin                                                                                            O80837 2658.387 
Dehydrin ERD14                                                                             P42763 2234.119 
MLP-like protein 423                                                                           Q93VR4 1568.839 
Receptor-like protein 51                                                             Q9SN38 1443.842 
Remorin family protein                                                                                     F4KEA0 1556.864 
Hypersensitive-induced response protein 4              Q9FHM7 1751.881 
Ras-related protein RABG3a                                                                                                             Q948K8 1629.860 
Sugar transporter ERD6-like 4                                               Q93YP9 1749.902 
Nuclear transport factor 2 (NTF2) family protein                   Q9FMC7 1090.589 
Plasma-membrane associated cation-binding protein 1                                           F4JUT9 2421.197 
V-type proton ATPase subunit G1                                                    O82628 1338.642 
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Patellin-3                                                                              Q56Z59 1186.668 
ATPase 11                                                                                 Q9LV11 1191.549 
Calcium-transporting ATPase 10                                                                Q9SZR1 1469.771 
ABC-2 type transporter family protein                                   A0A1P8BAZ0 1044.641 
Ammonium transporter 1-like protein                                                    Q93Z11 1317.705 
Sodium/calcium exchanger NCL                                                Q8L636 1607.755 
Syntaxin-132                                                                                          Q8VZU2 1079.512 
MD-2-related lipid recognition domain-containing protein                                         Q9SF20 1322.643 
Annexin D2                                                                                       Q9XEE2 1486.742 
Tubulin beta-2 chain                                                             Q56YW9 1296.607 
Tubulin alpha-5 chain                                                                  B9DHQ0 1531.905 
Actin 2                                                                        F4J8V9 1891.863 
Nitrilase 1                                                                                          P32961 2052.050 
Adenine nucleotide alpha hydrolases-like superfamily protein (hydrolase )                                                                   Q9M328 2159.105 
Cytochrome P450 71B28                                                       Q9SAE3 1406.743 
Probable fructokinase-1                                                         Q9SID0 991.594 
Phosphoglucomutase/phosphomannomutase family protein F4I6W4 1999.082 
Common candidate LPS-interacting PM-associated protein between MagReSyn
TM
 and EndoTrap
®
 
Aldolase-type TIM barrel family protein A8MS37 1056.605 
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4.7.2 Comparison between the two LPS chemotypes  
 
Comparative analysis between the two LPS chemotypes Xcc 8004 (wild-type) and 
Xcc 8530 (mutant) revealed common LPS-interacting PM-associated A. thaliana 
proteins for all of the affinity enrichment strategies as illustrated by the Venn 
diagrams in Figure 4.19. Each LPS chemotype is possibly perceived in a different 
manner in A. thaliana due to the different moieties present in each, as according to 
Silipo et al. (2008). Based on this, the different moieties of LPS may play a role in its 
perception as a MAMP, however, this does not rule out the possibility that common 
associated proteins may be present in the receptor/recognition complex at the PM. 
Here, the common LPS-interacting PM-associated proteins between the two LPS 
chemotypes in functional areas such as perception and signalling, and defense and 
response, for the affinity strategies suggests that even though certain moieties may 
be absent from the mutant LPS chemotype Xcc 8530, the same PM-associated 
proteins as the wild-type may be present. The identities of the common candidate 
interacting PM-associated proteins for both LPS chemotypes are tabulated in Tables 
4.11 - 4.13.   
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Figure 4.19: Venn diagrams showing the overlapping/common (numbers in intersection) and distinct 
(numbers in the circle) candidate LPS-interacting PM-associated proteins when comparing the LPS 
chemotypes in blue: Xcc 8004 and yellow: Xcc 8530 for the affinity strategies A) polymyxin B 
immobilised -, B) EndoTrap® HD Endotoxin removal - and C) MagReSyn™ streptavidin magnetic 
polymeric microsphere affinity chromatography. 
 
A) B) 
C) 
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Table 4.11: Identification of the commonly enriched candidate LPS-interacting PM-associated proteins for both LPS chemotypes subsequent to the 
polymyxin B affinity chromatography strategy. The table descriptions are as for those in Table 4.9. 
Protein Accession number Calculated Mass 
(M+H) 
Carbohydrate-binding-like fold                                           Q9LZQ4 1347.738 
General regulatory factor 10                                                F4I1C1 1500.79 
Probable LRR receptor-like serine/threonine-protein kinase At1g53430                               C0LGG8 1279.689 
Probable leucine-rich repeat receptor-like serine/threonine-protein kinase At3g14840   C0LGN2 1426.733 
Phototropin-1                                                                                                                                       O48963 1257.72 
L-type lectin-domain containing receptor kinase IV.1                                                                    O80939 1357.707 
Phospholipase D alpha 1                                                                                                                    Q38882 2359.191 
Calcium-dependent protein kinase 3                                                                                             Q42479 1788.897 
Putative MO25-like protein At4g17270                                                                                           Q9M0M4 1027.615 
Probable inactive receptor kinase At3g02880                                                                                Q9M8T0 1847.950 
Phosphatidylinositol 4-kinase alpha 1                                                                                       Q9SXA1 1236.742 
Calcium-dependent protein kinase 21                                                                                          Q9ZSA2 1346.705 
Leucine-rich repeat transmembrane protein kinase                                                         F4HRH4 1279.689 
Nucleotide-diphospho-sugar transferases superfamily protein                                     F4IVY1 1235.638 
Receptor like protein 54                                                                                                    F4KHA2 1126.622 
Low-density receptor-like protein                                                                                     Q8H0X5 1473.766 
B-cell receptor-associated 31-like protein Q93XZ7 1360.584 
GPI-anchored adhesin-like protein                                                                            Q9FF91 2174.094 
Phospholipase D  F4JNU6 1586.809 
Membrane steroid-binding protein 2                                           Q9M2Z4 1591.761 
Putative BPI/LBP family protein At1g04970                           Q9MAU5 1291.810 
GF14 protein phi chain                                                                      F4HWQ5 1418.749 
Cysteine-rich RLK (RECEPTOR-like protein kinase) 10        A0A1P8B597 947.552 
Calcium-dependent protein kinase 15                                      F4JKC7 1651.869 
Late embryogenesis abundant protein, group 2 O80576 1303.751 
Cytochrome P450 83B1                                                                                                                  O65782 1422.7 
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Remorin                                                                                                                                                  O80837 2658.387 
Dehydrin ERD14                                                                                                                                P42763 2234.119 
Protein BONZAI 2                                                                                                                               Q5S1W2 1968.007 
MLP-like protein 423                                                                                                                          Q93VR4 1568.839 
Hypersensitive-induced response protein 4                                                                                    Q9FHM7 1751.881 
Callose synthase 12                                                                                                                         Q9ZT82 1467.715 
Jacalin-related lectin 5                                                                                                                     Q9ZU23 1340.658 
Aluminum induced protein with YGL and LRDR motifs                                                F4JZM6 1475.810 
Remorin family protein                                                                                                        F4KEA0 1556.864 
Late embryogenesis abundant (LEA) hydroxyproline-rich glycoprotein family           Q9M386 1692.823 
Heat shock protein 70 (Hsp 70) family protein                     F4K007 1659.895 
Ras-related protein RABE1c                                                P28186 1164.59 
Ras-related protein RABG3a                                                                                                             Q948K8 1043.610 
Synaptotagmin A                                                                    F4IFM6 1478.707 
Oligopeptide transporter 3                                                                                                             O23482 1842.975 
V-type proton ATPase subunit G1                                                                                                      O82628 1338.642 
Aquaporin PIP2-2                                                                                                                                 P43287 1234.57 
Chloride channel protein CLC-a                                                                                                      P92941 1440.842 
Aquaporin PIP2-7                                                                                                                                P93004 1312.653 
Patellin-3                                                                                                                                            Q56Z59 2089.027 
Sodium/calcium exchanger NCL                                                                                                    Q8L636 1607.755 
ABC transporter B family member 2                                                                                            Q8LPK2 1928.060 
Potassium transporter 13                                                                                                                Q8LPL8 1059.579 
Putative ion channel POLLUX-like 1                                                                                            Q8VZM7 1494.671 
Syntaxin-132                                                                                                                                      Q8VZU2 1060.527 
Sugar transporter ERD6-like 4                                                                                                         Q93YP9 1749.902 
Potassium transporter 7                                                                                                                    Q9FY75 1386.799 
Calcium-transporting ATPase 8                                                                                                        Q9LF79 941.614 
Novel plant SNARE 13                                                                                                                         Q9LRP1 1929.029 
ATPase 11                                                                                                                                              Q9LV11 1574.827 
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Alpha-soluble NSF attachment protein 2                                                                                         Q9SPE6 1720.864 
Calcium-transporting ATPase 10                                                                                                  Q9SZR1 1469.771 
Probable aquaporin PIP2-6                                                                                                             Q9ZV07 1311.669 
Putative plant snare 13                                                                                                             F4J563 1929.029 
Major facilitator superfamily protein                                                                             Q9FMT8 1296.695 
Pyrophosphate-energized vacuolar membrane proton pump 1    P31414 1595.879 
Aquaporin PIP1-2                                                                         Q06611 1033.604 
ABC transporter G family member 15                                                  Q8RWI9 1032.568 
Patellin-6                                                                                           Q9SCU1 1230.705 
SecY protein transport family protein                                Q8RWJ5 1164.601 
Ammonium transporter 1-like protein                                                       Q93Z11 1996.132 
Tubulin alpha-5 chain                                                                                                                         B9DHQ0 1701.906 
Actin-7                                                                                                                                                   P53492 2199.075 
Annexin D2                                                                                                                                         Q9XEE2 1486.742 
Tubulin beta-2 chain                                                                                                                        Q56YW9 1296.607 
Probable elongation factor 1-gamma 1                                      O04487 911.483 
Actin-8                                                                                                  Q96293 1163.598 
Actin 2                                                                                      F4J8V9 1163.598 
Nitrilase 1                                                                                 P32961 1821.953 
Cytochrome P450 72A15                                                                                                                    Q9LUC5 1629.885 
Cytochrome P450 71B28                                                                                                                   Q9SAE3 1192.636 
Cytochrome P450 71A22                                                                                                               Q9STL1 1077.594 
Triacylglycerol lipase-like 1                                                                                                   F4HRB4 2056.896 
Adenine nucleotide alpha hydrolases-like superfamily protein                               Q94II5 1337.713 
Formate--tetrahydrofolate ligase                                           Q9SPK5 2137.081 
Adenine phosphoribosyl transferase 1 F4HSX1 1471.867 
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Table 4.12: Identification of the commonly enriched candidate LPS-interacting PM-associated proteins for both the LPS chemotypes subsequent to the 
EndoTrap® HD Endotoxin removal affinity chromatography strategy. The table descriptions are as for those in Table 4.9. 
Protein Accession number Calculated Mass 
(M+H) 
Myrosinase-binding protein 1 Q9SAV0 1459.827 
Annexin D1 Q9SYT0 1150.683 
Aldolase-type TIM barrel family protein A8MS37 1245.731 
 
Table 4.13: Identification of the commonly enriched candidate LPS-interacting PM-associated proteins for both the LPS chemotypes subsequent to the 
MagReSyn™ streptavidin magnetic polymeric microsphere affinity chromatography strategy. The table descriptions are as for those in Table 4.9. 
Protein Accession number Calculated Mass 
(M+H) 
Serine/threonine-protein kinase BSK7                                      F4I3M3 1758.87 
Plasma-membrane associated cation-binding protein 1  F4JUT9 2421.197 
Putative BPI/LBP family protein At1g04970                           Q9MAU5 1021.608 
Hypersensitive-induced response protein 3         Q9SRH6 1519.775 
Heat shock protein 70 (Hsp 70) family protein             F4K007 1659.895 
MLP-like protein 423                                                                   Q93VR4 1568.839 
Aluminium induced protein with YGL and LRDR motifs Q9FG81 1504.837 
Ras-related protein RABA1f                      Q9FJH0 1080.568 
Ras-related protein RABA5c                                              P28187 1333.747 
Ras-related protein RABG3a Q948K8 1159.59 
Ras-related protein RABF2b                                           Q9SN68 1041.63 
Ras-related protein RABD2c                                            Q9SEH3 1708.879 
Ras-related protein RABB1c                            P92963 1550.76 
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V-type proton ATPase subunit G1                                                  O82628 2403.274 
ATPase 2                                                                                      P19456 1040.574 
V-type proton ATPase subunit d2                                          Q9LHA4 1601.886 
Plasma membrane ATPase                                                F4JPJ7 1040.574 
ADP-ribosylation factor A1F                                  Q6ID97 1565.759 
Tubulin beta-2 chain                                                           Q56YW9 1139.694 
Tubulin alpha-5 chain                                                                B9DHQ0 1701.906 
Annexin D2                                                                        Q9XEE2 1158.725 
Aldolase-type TIM barrel family protein                        A8MS37 1245.731 
Nitrilase 1                                                                                           P32961 880.477 
Temperature-induced lipocalin-1                                          Q9FGT8 1037.578 
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4.8 Functional analysis of the roles of the candidate LPS-
interacting PM associated proteins from A. thaliana 
 
The PM is the main cellular interface which mediates communication, interaction and 
exchange of molecules between cells’ interior and surrounding environment, and is 
the primary site for perception of external signals. As such, this membrane partakes 
in many physiological processes which are primarily controlled by the PM-associated 
proteins (Bernfur et al., 2013; Yadeta et al., 2013, Heard et al., 2015). These 
proteins have been implicated to function in membrane transport, trafficking, 
endocytosis and maintaining electrochemical gradients (Luschnig, 2014). In addition, 
the PM proteins play a role in perception and further signal transduction in which 
sensing and responding to biotic and abiotic stresses takes place. Furthermore, the 
plant innate immune receptors and defense response regulators are likely 
associated with the PM (Yadeta et al., 2013). In this study, affinity chromatography 
enrichment strategies were specifically designed to capture candidate LPS-
interacting PM-associated proteins subsequent to the treatment with MAMPs to gain 
a deeper understanding of the PM proteome related to the immunity and defense 
responses that are associated with the LPS chemotypes Xcc 8004 and Xcc 8530, 
ultimately in order to elucidate the mechanism of perception at the molecular level. 
The candidate LPS-interacting PM-associated proteins that were identified by the 
above-mentioned strategies in Tables 4.2 - 4.13 will be discussed in terms of the 
functional categories in the following sections.   
 
4.8.1 Perception and signaling 
 
The sedentary nature of plants makes them susceptible to a wide variety of biotic 
stresses which include the pathogenic microbial organisms and, as a consequence 
plants, have developed an active and inducible immune system to mediate 
interactions with microbial communities (Yu et al., 2017; Ramirez-Prado et al., 2018). 
Plants rely entirely on an innate immune system due to the lack of an adaptive 
immune system to deal with and counteract the pathogenic threat (Li et al., 2016), in 
addition to pre-formed defense barriers. The first line of plant immunity involves 
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innate immune receptors that have the ability to recognize and detect the MAMPs of 
pathogenic microbial invaders in the form of PM resident PRRs. The currently known 
PRRs belong to either of the RLKs and RLPs, which upon perception and binding to 
the invading MAMP transduce secondary signals which results in MTI (Zipfel et al., 
2014; Li et al., 2016; Yu et al., 2017). The subfamilies of the RLKs include the 
leucine-rich repeat (LRR) domain, the lysine motifs (LysM), the lectin domain and the 
epidermal growth factor (EGF)-like domain, as determined by the ectodomains of the 
RLKs which are highly variable and enable a wide range of ligands to be 
perceived/recognised such as LPS (Tang et al., 2017). Not all of the PRRs that exist 
perceive pathogens and function in immunity; some function in processes which 
include plant growth and development and adaptation to abiotic stress (Li et al., 
2016).  
 
LRR protein kinase family members were identified in this study (Tables 4.3, 4.4 and 
4.8). Of these proteins can act as PRRs due to the ability to sense a variety of 
ligands and also function in plant development and stress responses such as biotic 
stress, in which they further transduce signaling responses downstream via 
phosphorylation events (Liu et al., 2017).  
 
LRR-RLKs in particular recognize bacterial MAMPs, a focal point in this study, and 
trigger plant innate immunity via MTI to the bacterial infections (Baloyi et al., 2017; 
Liu et al., 2017; Vilakazi et al., 2017). Members of this family have been implicated in 
binding peptides and proteins. An example is the well-known flagellin-sensing 2 
(FLS2) from A. thaliana which perceives the 22-amino acid epitope (flg22) of the N-
terminus of the bacterial flagellin and facilitates the binding to the receptor of the 
brassinosteroid-insensitive 1 (BRI1)-associated kinase (BAK1), also a LRR-RLK. 
This association induces downstream signaling events such as the flg22-triggered 
immune response that results in MTI (Zipfel et al., 2014; Tang et al., 2017). A study 
by Vilakazi et al. (2017) related a BAK-1 signaling mechanism to LPS perception. 
BAK-1 was suggested as one of the transmembrane proteins that potentially 
interacts with LPS from B. cepacia and that this recognition may be analogous to 
that of flg 22. In the current investigative study, LRR-RLKs have been determined in 
non-enriched fractions subsequent to LPS chemotype treatment  (Table 4.2) as well 
as enriched samples (Tables 4.3 - 4.13), thereby suggesting these as candidate 
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LPS-interacting PM-associated proteins. A negative regulator of MTI, the inactive 
LRR RLK BIR2 was found solely in the 6 and 24 h time points (Table 4.3) enriched 
by the polymyxin B-immobilised affinity strategy for PM treated with LPS chemotype 
Xcc 8004. This LRR-RLK controls and regulates the complex formation between the 
receptor and its ligand, by binding to BAK1 in the cells’ resting state when no ligand 
is available thus ensuring that BAK1 does not bind to the PRR (Saijo et al., 2018). In 
addition a second LRR-RLK related to BAK1-mediated signalling was identified at 
the 6 h time point (Table 4.3), namely the LRR-RLK SOBIR1 which was enriched by 
the polymyxin B-immobilised affinity strategy for PM treated with LPS chemotype 
Xcc 8004, which is also thought to negatively regulate the plant resistance signaling 
pathways by counteracting  BIR1 (BAK1-interacting receptor-like kinase 1), to 
promote cell death and disease resistance (Gao et al., 2009; Gust and Felix, 2014). 
In a study conducted on tomato, it was determined that SOBIR1 had an additional 
function of being an adaptor or scaffold for multiple LRR-RLPs which did not have 
signaling domains (Gust and Felix, 2014). The SOBIR1 associates with various 
RLPS such as the Ve1 (PRR for Ave1 from Verticillium spp.), Eix (PRR for fungal 
xylanase) and Cf-4 (Cladosporium fulvum resistance, recognizes Avr4), and plays a 
role in RLP-mediated resistance to fungal pathogens in tomato. In Arabidopsis it has 
been shown that certain RLPs such as RLP1, RLP30 and RLP42 do not function in 
the absence of the scaffold SOBIR1 (Gust and Felix, 2014). RLP23 forms a complex 
with SOBIR1 and recruits BAK1 into the complex to activate immune signalling. In 
general it is thought that a complex is formed between the LRR-RLPs and SOBIR1 
before ligand binding, and following recruitment of the BAK1, to form an active 
receptor complex upon said binding (Tang et al., 2017).  
 
The probable LRR-RLK, At1g53430, was identified and commonly enriched by the 
polymyxin B-immobilised affinity strategy for A. thaliana treated with both LPS 
chemotypes Xcc 8004 and Xcc 8530 (Table 4.3, 4.4 and 4.11) and consists of a 
malectin domain which gives it the ability to bind to carbohydrate ligands (Boisson-
Dernier et al., 2011). This RLK displayed a BR-responsive expression where levels 
were increased by BR treatment in a concentration dependent manner (Xu et al., 
2014). The probable LRR-RLK At3g14840, also identified  in A. thaliana commonly 
enriched by the polymyxin B-immobilised affinity strategy treated with both LPS 
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chemotypes and MagReSyn™ streptavidin affinity strategy for treatment with LPS 
chemotype Xcc 8530 (Table 4.3, 4.4, 4.8, 4.10 and 4.11) , it was identified as a 
putative N-glycosylated integral PM protein (Pedrazzini et al., 2016). A study by Xu 
et al., (2013) demonstrated the role of this RLK and BR signaling kinase 3 (BSK3), 
which has been shown to interact with multiple RLKs. It was observed that the 
expression levels of this RLK were increased by oomycete infection, thus suggesting 
a role for this BSK3-interacting RLK in plant immunity.          
                              
The lectin domain (Lec)-RLKs are particularly important for adaptation to 
environmental cues, pathogen detection and plant disease resistance, according to 
Tang et al. (2017) and Bellande et al. (2017). An Arabidopsis bulb-type lectin S-
domain RLK, (At1g61380 / SD 1-29 / lipooligosaccharide-specific reduced elicitation, 
LORE), has been implicated in perceiving the lipid A moiety of LPS from 
Pseudomonas and Xanthomonas species (Ranf et al., 2015). A G-type lectin S-RLK, 
At1g67520, was solely identified in the 6 h Xcc 8004 LPS treatment (Table 4.3), and 
is similar to LORE but lacks a transmembrane region. Furthermore, the encoding 
gene has been found to be up-regulated in a study by Lizasa et al., (2017), where 
transcriptomic changes in the Arabidopsis atlbr-2 mutant (lacking LBP, LPS-binding 
protein/BPI-related-2) was observed when treated with LPS from P. aeruginosa. 
Additional G-type lectin S-RLKs were identified, with a S-domain RLK, namely G-
type lectin RLK At4g27300/  SD1-1 and G-type lectin S-RLK At1g11330 / SD1-13 
identified in the 6 and 24 h enriched by the polymyxin B-immobilised affinity strategy 
for A. thaliana treated with Xcc 8004 LPS- chemotype respectively (Table 4.3). The 
latter is the nearest homolog to the N. tabacum Nt-SD-RLK proposed by Sanabria et 
al. (2012) to be involved in LPS perception. This study highlights the role that S-
domain RLKs play in LPS MAMP perception and further induction of signal 
transductions due to LPS perception. The study showed an early up-regulation of the 
Nt-SD-RLK gene which encodes an S-domain RLK from Nicotiana tabacum. This 
suggests that in the current study LPS chemotype Xcc 8004 is perceived by S-
domain RLKs at both an early, as indicated by Sanabria et al. (2012), and late 
response. An L-type lectin domain-containing RLK from clade IV.1 was identified in 
A. thaliana at 6, 12 and 24 h in (Table 4.3, 4.4 and 4.11) following LPS chemotype-
treatment with Xcc 8004 and Xcc 8530, and another from clade VII.1 at 6 h (Table 
4.3), with Xcc 8004 LPS-treatment only commonly enriched by the polymyxin B-
151 
 
immobilised affinity strategy. Experimental studies suggest that the L-type lectins 
have been implicated in playing a role in defense and plant-pathogen interactions, 
thus establishing a common role in plant immunity (Bellande et al., 2017). Singh et 
al. (2012) have demonstrated that the L-type lectin RLK VI.2 (LecRK-VI.2) 
contributes to disease resistance against P. syringae and Pectobacterium 
carotovorum bacteria. In addition, the LecRK-VI.2 is required for full activation of PTI, 
as determined by the use of lecrk-VI.2-1 mutants which showed reduced 
upregulation of PTI marker genes.  
 
The fasciclin-like arabinogalactan proteins 8 and 10 were identified in non-enriched 
A. thaliana PM samples subsequent to treatment with LPS chemotypes Xcc 8004 
and 8530 (Table 4.2), while protein 9 and 1 were identified in PM samples enriched 
by polymyxin B-immobilised affinity strategy (Table 4.3 and 4.4). These belong to a 
class of GPI-anchored proteins that are likely to be responsible for signaling and 
being targets for the phosphatidylinositol-specific phospholipase C and D (Huang et 
al., 2013). 
 
Calcium dependent protein kinases (CDPK) 9, 3, 15 and 21 were identified in A. 
thaliana samples following LPS-treatment with both chemotypes (Xcc 8004 and 
8530) enriched by polymyxin B-immobilised affinity strategy (Table 4.3 and 4.4) as 
well as 3, 15 and 21 identified as a common candidate LPS-interacting PM-
associated proteins (Table 4.11). In this regard, Ca2+ is known as a major conserved 
second messenger in signal transduction, and fluctuations in the intracellular 
concentration of Ca2+ is perceived by the conserved CDPKs which leads to 
downstream signaling (Schulz et al., 2013). When host plants encounter biotic 
stresses, induced changes in the Ca2+ concentration is translated into plant defense 
reactions such as ROS, phytohormone synthesis and signalling and cell death 
(Schulz et al., 2013; Gao et al., 2014). Experimental evidence exists for the functions 
of CDPK in PTI signalling; in N. tabacum the NtCDPK2 was triggered by the fungal 
elicitor Avr9 in plants. In Arabidopsis the overexpression of AtCPK1 was found to aid 
in conferring resistance to broad-spectrum bacteria and fungi. Furthermore, CDPKs 
such as  AtCPK4, AtCPK5, AtCPK6 and AtCPK11 were found as early transcriptional 
regulators in flg22 signalling (Schulz et al., 2013; Gao et al., 2014). These examples 
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of experimental outputs suggest that CDPKs are important transducers of the PAMP/ 
MAMP-induced signals to PTI/MTI.    
 
The putative LBP/BPI binding protein, At1g04970, was identified as a common 
candidate LPS-interacting PM-associated protein following polymyxin and 
MagReSynTM enrichment of samples treated with both LPS chemotypes (Xcc 8004 
and 8350) (Tables 4.9, 4.10, 4.11 and 4.13). Lizasa et al. (2016) demonstrated for 
the first time that the N-terminal domain of the AtLBP/BPI-related1 (AtLBR1) in 
Arabidopsis binds directly to the LPS. LPS-treated AtLBR mutants were also utilized 
and showed a delayed expression of immune responses such as PR1 genes 
expression, ROS and NO. It was also demonstrated that the AtLBRs were able to 
bind to both rough (no O-chain present) and smooth LPS (all moieties present). 
Therefore it is plausible that the AtLBR1 was identified in PM-associated samples 
treated with both LPS chemotypes Xcc 8004, in which all LPS moieties were 
present, as well as Xcc 8530, in which the O-chain was absent. This suggests a 
probable role of AtLBR1 in the Xanthamonas LPS recognition by A. thaliana.   
   
Another protein that is involved in signaling is the general regulatory factor 10 or 14-
3-3 protein found in the non-enriched A. thaliana LPS-treated samples (Table 4.2) as 
well as enriched PM proteins following enrichment with polymyxin B-immobilised 
affinity strategy for A. thaliana PM treated with LPS chemotype Xcc 8004 (Table 
4.3). This protein interacts with the brassinosteroid signaling positive regulator family 
protein BZR1 transcription factor that is involved in brassinosteroid signaling 
(Lozano-Duran and Zipfel, 2015). 
 
 
 
 
 
 
 
 
153 
 
4.8.2 Defense and stress response  
 
The perception of microbial MAMPs is central to the activation of successful plant 
defense and immune responses such as MTI. Pathogens that have adapted and 
overcome the first line of defense deliver effector virulence proteins into the host 
plant in order to inhibit further plant responses. Plant resistance proteins come into 
play in order to detect and counter the effector proteins and trigger disease 
resistance via effector-triggered immunity (ETI) (de Leon and Montesano, 2013, 
Tang et al., 2017). Both ETI and PTI trigger downstream overlapping defense 
mechanisms in response to pathogens such as the HR, production of phytoalexins 
and antimicrobial proteins, ROS production and reinforcement of the cell wall (de 
Leon and Montesano, 2013). In this study defense related proteins were identified in 
both non-enriched and enriched PM-associated fractions in response to the 
treatment with MAMPS, i.e. LPS chemotypes Xcc 8004 and Xcc 8530. 
 
Lectins are widespread proteins that contain one or more lectin domains that 
recognize and bind, in a reversible manner, to specific mono-, di- or polysaccharides, 
and glycoconjugates, which comprise of glycans, glycoproteins and glycolipids 
derived from either endogenous (plant derived) or exogenous (foreign or non-self) 
sources (Lannoo and Van Damme, 2014; Van Holle and Van Damme, 2018). In 
plants lectins play important roles in defense against pathogens and are expressed 
in plants in response to environmental stress as well as pathogen attack. 
Conversely, when the plants are not undergoing stress, the lectins are not expressed 
at detectable levels (Lannoo and Van Damme, 2014; Bellande et al., 2017). 
Carbohydrates are the potential ligands of lectins and are present in glycoconjugates 
like LPS, which is a glycoconjugate due to the sugar moieities (polysaccharides and 
core oligosaccahrides) bound to lipids (lipid A)  recognised by lectins as suggested 
by Van Holle and Van Damme, (2018). Ranf et al., (2015) has also shown the 
capability of lectins as a ligand for LPS as previously mentioned. In this study lectins 
were identified in both non-enriched and enriched A. thaliana PM fractions, 
suggesting the role that lectins play in perceiving LPS from Xcc as a MAMP.  
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A lectin containing protein, jacalin-related lectin (JRL), has been determined to 
mediate broad spectrum disease resistance in plants and is generally involved in 
resistance to abiotic and biotic stress signaling. The lectin domain of JRLs was 
confirmed to play a role in directing the JRL to the site of the pathogen attack (Esch 
and Schaffrath, 2017). Studies by Zhang et al. (2000) and He et al. (2017) have 
demonstrated that a JRL found in rice (OsJRL) was induced upon abiotic stress such 
as salt, drought, cold heat and abscisic acid. In A. thaliana a JRL RTM1 restricts long 
distance movement of the etch virus from tobacco (Mahajan et al., 1998). Upon 
infection by Fusarium graminearum and Blumeria graminis, a wheat JRL (TaJRLL1) 
was determined to be a component of salicylic acid - and jasmonic acid-activated 
defense signalling mechanisms (Xiang et al., 2011). In the current study candidate 
jacalin-related lectin 5 was commonly enriched by the polymyxin B immobilised 
affinity strategy for PM treated with both LPS chemotypes (Xcc 8004 and Xcc 8530) 
(Tables 4.3, 4.4, 4.10 and 4.11) and MagReSyn™ streptavidin affinity strategy for 
treatment with LPS chemotype Xcc 8530 (Table 4.8) following 6 h treatment. 
Jacalin-related 35 was identified in the A. thaliana PM fraction enriched by the 
EndoTrap® HD affinity system following treatment with LPS chemotype Xcc 8004 
(Table 4.5) at 24 h, and by the MagReSyn™ streptavidin affinity system when 
treated with LPS chemotype Xcc 8530 (Table 4.8) following treatment at 6 h. In 
addition, jacalin-related lectin 35 and 23 were identified in the non-enriched PM-
associated proteins for both LPS treatments (Table 4.2). 
 
A mannose-binding lectin was identified and commonly enriched by the EndoTrap® 
HD and MagReSyn® affinity strategies for PM treated with LPS chemotype Xcc 8004 
(Tables 4.5, 4.7, 4.9) following treatment at 18 h and 24 h and non-enriched PM 
fractions (Table 4.2). According to Esch and Schaffracth, (2017) the mannose-
binding lectins have a monosaccharide binding specificity. Plant mannose-binding 
lectin proteins are crucial for plant defense signaling during pathogen attack by 
recognizing specific carbohydrates on the pathogen surfaces (Hwang and Hwang, 
2011) The identified JRLs and mannose-binding lectins identified in both enriched 
and non-enriched suggest that lectins in general may play a role in perceiving the 
MAMPs when A. thaliana was treated with both LPS chemotypes from Xcc 8004 and 
Xcc 8530, and can be attributed to the mannose groups found in this lipoglycan. 
Lastly, these two protein families may also play a role in the defense-related 
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responses when confronted with biotic stresses and recognizing pathogen attack 
since both have been identified amongst the most prominent lectins.  
 
The dehydrins belong to group two of late embyogenesis abundant proteins (LEA) 
(Liu et al., 2017). Both the dehydrins and the LEA 2 group of proteins  were enriched 
by polymyxin B immobilized affinity strategy and identified as candidate LPS-
interacting PM-associated proteins (Table 4.3 and 4.4) following treatment with both 
LPS chemotypes at 6 h, 12 h, 18 h and 24 h. In the common/shared comparative 
analsyis, dehydrin ERD 14 was enriched by both the polymyxin B-immobilised and 
MagReSyn™ affinity strategies (Table 4.10) and between LPS chemotypes Xcc 
8004 and Xcc 8530 (Table 4.11). Dehydrins were also found in non-enriched 
samples treated with LPS chemotypes (Table 4.2). Studies reveal that when Prunus 
mume dehydrin (PmLEAs) was overexpressed in tobacco, it enhanced the tolerance 
to cold and drought according to Bao et al., (2017). Yang et al. (2012) has also 
demonstrated the role that dehydrins play in biotic stresses, where studies revealed 
that when Vitis vinifera was inoculated with the Erysiphe necator, the causative 
agent of grapevine powdery mildew, the dehydrin (DHN) genes were up-regulated. 
Furthermore, the DHN1 was up-regulated by the phytohormones methyl-jasmonate 
and salicylic acid, which are known to be involved in orchestrating plant defense 
responses.  
 
Myrosinases assist the plant in dealing with environmental stresses and are involved 
in the plant defense system. These proteins work in conjuction with glucosinolates 
which are phytochemicals produced throughout the Brassicaceae crop species 
including A. thaliana. The dual glucosinolate-myrosinase system acts against biotic 
defense by catalyzing the breakdown of the glucosinolates upon plant damage, 
thereby producing hydrolysis products which are toxic to pathogens and herbivores, 
and acting as a plant defense system to certain microbial pathogen (Textor and 
Geshenzon, 2009; Ahuja  et al., 2016). In the current study, myrosinases and 
myrosinase-binding proteins were found in the non-enriched PM treated with both 
the LPS chemotypes (Table 4.2). Myrosinases were furthemore found as a common 
PM-associated protein enriched by the EndoTrap® HD affinity strategy following 
treatment with both LPS chemotypes at 0 h and 6 h (Table 4.5 4.6 and 4.12). This 
suggests that the lipid A and O-chain moiety both initiate defense-related responses. 
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Myrosinases were also enriched by the MagReSyn™ streptavidin affinity strategy  
but only for PM treated with LPS chemotype Xcc 8530 at 6 h (Table 4.8), thus 
suggesting that the core oligosaccharide, even though truncated, could also have 
been able to elicit a defense response. 
 
The plant remorin proteins have been detected in detergent-insoluble membrane 
fractions also called lipid rafts, and are thus referred to as PM markers (Baloyi et al., 
2017). Remorins function in microbial infection and plant signaling processes, and 
play a role in both abiotic and biotic stresses (Son et al., 2014). Studies by Lefebvre 
et al. (2010) show that the remorin protein was required for plant-bacteria 
interactions and can interact with several RLKs. Furthermore, the A. thaliana remorin 
group 4 (AtREM 4) was induced by various abiotic and biotic stresses and, 
furthermore, the loss of function mutants/ transgenic plants showed decreased 
susceptibility to geminiviruses. Bozkurt et al. (2014) has shown that remorin REM1.3 
enhances susceptibility to Phytophthora infestans. AtREM1.3 was also shown to be 
differentially phosphorylated after treatment with a bacterial elicitor (Benschop et al., 
2007). In this study, the remorin family proteins were commonly enriched by 
polymyxin B immobilised affinity strategy following treatment with both LPS 
chemotypes Xcc 8004 at 6 h and Xcc 8530 at 18 h and 24 h (Table 4.3, 4.4 and 4.10 
and 4.11), while the MagReSyn streptavidin affinity strategy enriched the remorins 
for PM treated with LPS chemotype Xcc 8530 at 6 h (Table 4.8, 4.10). Remorins 
were also identified by Vilakazi et al. (2017) who also used LPS from B. cepacia as a 
MAMP. It is likely that remorins were identified as candidate LPS-interacting proteins 
in response to the O-chain and core oligosaccharide moieties of LPS even though 
there was no presence of the lipid A moiety because lipid A was immobilised to the 
affinity resin which is usually known to induce defense related responses.  
 
The protein Bonzai 2 was commonly identified as a candidate LPS-interacting PM-
associated protein in samples treated with LPS chemotypes Xcc 8004 at 6 h and Xcc 
8530 at 24 h (Table 4.3, 4.4 and 4.11) but enriched only with the polymyxin B 
immobilized affinity strategy. This protein belongs to a three member gene family 
(AtBON1, AtBON2 and AtBON3) in Arabidopsis. The bonzai 1 or gene BON1 
encodes calcium-dependent phospholipid binding copine proteins, another name for 
bonzai proteins which have been implicated in calcium signaling (Gou et al., 2015; 
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Khoza et al., 2019). BON1 is a negative regulator of plant intracellular immune 
receptors known as NB-LRRs which leads to rapid and effective defense responses 
including programmed cell death (Gou et al., 2015). Zou et al. (2016) has also 
demonstrated that protein bonzai 2 suppresses programmed cell death as well as 
the defense in plants during pathogen attack. This suggests that the O-chain and 
core oligosaccharide moieties of LPS Xcc 8004, and just the core oligosaccharide 
moieties of LPS Xcc 8530, represses programmed cell death (PCD) and defense-
related responses at 6 h for wildtype (Xcc 8004) and 24 h for mutant (Xcc 8530). 
Newman et al. (2007) reported findings in which LPS suppressed the HR which is a 
form of PCD. When pepper leaves were pre-treated with LPS it prevented the HR 
response caused by Xcc (Erbs et al., 2010).   
 
The hypersensitive-induced response (HIR) proteins 3 and 4 were identified as 
candidate LPS-interacting PM-associated proteins commonly enriched by both 
polymyxin B immobilized and MagReSyn streptavidin affinity systems following 
treatment with LPS chemotype Xcc 8004 at 0 h, 6 h and 24 h and Xcc 8530 at 6 h, 
18 h and 24 h  (Table 4.3, 4.4, 4.7, 4.10, 4.11 and 4.13). Studies show that an HIR 
gene in pepper, when over-expressed, caused enhanced disease resistance to 
Pseudomonas syringae pv. tomato (Pto) DC3000  (Qi et al., 2011). In Arabidopsis 
four HIR family genes exist, namley AtHIR1, AtHIR2, AtHIR3, and AtHIR4 (Qi et al., 
2011). AtHIR proteins are associated with the membrane-associated disease 
resistance protein P. syringae protein 2 (RPS2) which belongs to the coil-NB-LRR 
subclass of the NB-LRR family. Similar proteins were identified by Baloyi et al. 
(2017) and Vilakazi et al. (2017) using LPS as a MAMP. In the latter citation, HIR 
protein 3 and 4 also were also found common to the polymyxin B immobilized affinity 
and MagReSyn affinity systems (Vilakazi et al., 2017).  
 
Callose synthase 10 and 12 were commonly identified as candidate LPS-interacting 
PM-associated proteins after enrichment with the polymyxin B affinity strategy 
following both LPS chemotype Xcc 8004 at 6 h and Xcc 8530 at 18 h treatments 
(Table 4.3, 4.4, 4.11). The production of callose in a plant is one of the hallmarks of 
plant defenses when leaves are affected by pathogens (Nedhuka, 2015). Callose 
prevents the penetration of bacteria and other forms of biotic stress by being 
deposited between the PM and the cell wall at the sites of pathogen attack (Ellinger 
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et al., 2014). The deposition of callose has also been implicated as a defense-related 
response to LPS (Erbs and Newman, 2012).  The A. thaliana PM in this study can 
thus be said to respond to the LPS moieties O-antigen and core oligosaccharides by 
producing callose synthase.   
                                        
The heat shock protein (HSP) 70 was identified as a candidate LPS-interacting PM-
associated protein enriched by the polymyxin B affinity strategy following PM 
isolation after treatment with both LPS chemotypes Xcc 8004 at 0 h and 24 h and 
Xcc 8530 at 6 h, 12 h and 24 h (Table 4.3, 4.4, and 4.11). The HSPs have been 
identified to respond to both abiotic and biotic stresses. At the site of injury and 
attack from pathogens, the presence of these proteins serves as a danger signal to 
the hosts. In this regard, HSP70 has been implicated in microbial pathogenesis (Park 
and Seo et al., 2015). Other studies revealed that this protein has involvement in 
Tomato yellow leaf curly stunt virus intracellular movement (Usman et al., 2017). In 
the current study, the O-chain and core oligosaccharide of the LPS chemotypes Xcc 
8004 and Xcc 8530 in relation to the identified protein could induce the biotic stress 
in A. thaliana.     
 
Resistance (R) genes encode R proteins that enable plants to recognize the 
presence of pathogens and activate inducible defences (Sekhwal et al., 2015). The 
disease resistance RPP8-like proteins were commonly enriched and identified by 
polymyxin B immobilized affinity strategy for PM treated with both LPS chemotypes 
Xcc 8004 at 6 h and Xcc 8530 at 12 h and 18 h (Table 4.3, 4.4, 4.11). When plants 
perceive the effectors of pathogens, it triggers ETI accompanied by a variety of 
defense-related responses such as ROS, accumulation of (SA) onset of the HR as 
well as the expression of pathogenesis-related proteins (PR1) (Wu et al., 2014). LPS 
has been reported by Coventry and Dubery, (2001) and Erbs and Newman, (2012) 
to be able to induce PR protein expression. LPS from the plant pathogen 
Pectobacterium atrosepticum was able to induce the expression of PR gene 
expression in A. thaliana in a study by Mohamed et al. (2015). 
 
The germin-like proteins are known to have oxalate oxidase activity which plays a 
significant role in antimicrobial plant defense and signaling (Pan et al., 2007; Li et al., 
2010). Germin-like protein subfamily 3 member 3 was identified in non-enriched 
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samples following treatment with both LPS chemotypes Xcc 8004 and Xcc 8530 
(Table 4.2). According to Chi et al. (2012) the oxalate oxidases are responsible for 
catalyzing the degradation of oxalic acid to carbon dioxide and hydrogen peroxide 
(H2O2) and this H2O2 by-product is crucial to plant defense due to its toxicity towards 
microbes. Findings from a study by Zhang et al. (2013) where he used RT-PCR to 
show the differential expression of rice oxalate oxidase genes (OsOxO1-4) in rice 
leaves (Oryza sativaL) in response to biotic stress (pathogens of bacterial blight) 
revealed that OsOxO4 was induced transiently at 12 h in inoculated plants.  
4.8.3 Membrane transport and trafficking  
 
Protein transport and trafficking of the dynamic PM are key steps that are involved in 
plant immunity, pathogen-related defense responses and general abiotic and biotic 
stresses (Gu et al., 2017). Membrane transport processes have numerous functions 
in biotic stress interactions where PM localized proteins as well as ion channels, 
pumps and carriers are involved (Elmore et al., 2011). In particular, the perception of 
MAMPs such as LPS has been shown to cause an influx of Ca2+ and extracellular 
alkalinization (K+/H+ exchange) (Madala et al., 2011). Furthermore, proteins are 
delivered by intracellular membrane vesicles at the pathogen invasion site during 
basal defense (Bednarek et al., 2010). Thus, transport and trafficking events are 
mediated by PM-localised or PM-associated proteins which function to regulate 
defense-related responses and determine the intensity, directionality and speed of 
the immune response to pathogen attack (Gu et al., 2017).              
 
A multitude of ion channels are activated in response to pathogen attacks and plant 
defense-related responses as previously mentioned, while anion channels are 
activated downstream of PRRs. The latter have been shown to be required for PTI 
(Gou et al., 2014). Jeworutzki et al. (2010) has demonstrated that anion channels 
are important in flagellin-induced ROS in Arabidopsis, while Guo et al. (2014) 
reported a role for the chloride channel family gene in Arabidopsis AtCLCd in PTI, 
with elevated expression in mutants of the PRR FLS2 and regulatory proteins BAK1 
and BKK1. Chloride channels have both channel as well as transporter activities 
(Gou et al., 2014). In this study chloride channels were identified as candidate LPS-
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interacting PM-associated proteins, as commonly enriched by the polymyxin B-
immobilised affinity strategy following treatment with both Xcc 8004 at 6 h, 12 h and 
24 h and 8530 LPS chemotypes at 0 h, 12 h, 18 h and 24 h (Table 4.3, 4.4 and 
4.11). Potassium channels have been identified in plants to participate in many 
physiological processes. Plant pathogen interactions cause activation of K+-
permeable efflux channels which leads to enhanced K+ efflux and initiation of the HR 
(Jeworutzki et al., 2010; Borghi et al., 2011). Potassium transporter channels were 
also identified as candidate LPS-interacting PM-associated proteins in the same 
fractions as the chloride channels at 6 h, 18 h and 24 h (Table 4.3, 4.4 and 4.11). 
This suggests that the O-chain and core oligosaccharides initiate K+ efflux in 
response to MAMP perception. Cation channel pollux-like proteins have also been 
implicated in potassium ion transport (Charpentier et al., 2008), and were identified 
in fractions commonly enriched by the polymyxin B immobilised affinity strategy for 
both Xcc 8004 at 6 h and Xcc 8530 at 24 h LPS chemotype treatment (Table 4.3, 
4.4, and 4.11).  
 
Ammonium transporter-1-like protein belongs to a family of high affinity ammonium 
transporters. These proteins are involved in the plant immune system and may affect 
the responses to a pathogen. Studies by Pastor et al. (2014) reveal that the 
ammonium transporter AMT1.1 is a negative regulator of the Arabidopsis defense 
response, with the amt1.1 mutant showing enhanced resistance against both P. 
syringae and Pseudomonas cucumerina compared to the respective  wild-type 
plants. This transporter was identified as a candidate LPS-interacting PM-associated 
protein commonly enriched by the polymyxin B-immobilised affinity strategy for both 
LPS chemotypes Xcc 8004 at 24 h  and 8530 at 12 h (Table 4.3, 4.4, 4.11) as well 
as the MagReSyn™ streptavidin affinity strategy for Xcc 8530 LPS chemotype 
treatment at 6 h and 12 h (Table 4.8, 4.10). Monosaccharide transporters in 
Arabidopsis comprise of two large families which are the sugar transporters (STP) 
and the early response to dehydration (ERD) (Slewinski et al., 2011). The STP is 
involved in plant responses to various abiotic and biotic stresses, specifically for 
PTI/MTI of the latter and enhances the uptake of monosaccharide from sugar 
transporters (Morkunas and Ratajczak, 2014, Yamada et al., 2016). Studies by 
Yamada et al. (2016) demonstrated that sugar transport 13 and its close homologue 
sugar transport 1 in A. thaliana confer basal resistance and flg22-induced 
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monosaccharide uptake when measuring the glucose levels using double mutants 
after flg22 treatment. Yamada et al. (2016) also showed that when the double mutant 
plants; stp1 and stp13 were inoculated with P. syrinage pv. tomato DC3000, the 
plants showed increased susceptibility thus confirming sugar uptake contributes to 
antibacterial defense. In the current study sugar transporter 1 and 13 were identified 
as a candidate LPS-interacting PM-associated proteins enriched by the polymyxin B 
immobilised affinity strategy for PM treated with LPS chemotype Xcc 8004 at 6 h 
(Table 4.3). This suggests that the core oligosaccharide and O-chain may play a role 
in sugar uptake through sugar transporter 1 in A. thaliana. The ERD 6 is reported to 
be induced by abiotic stress (Slewinski, 2011). This was identified as a candidate 
LPS-interacting PM associated protein that was commonly enriched by the  
polymyxin B-immobilised affinity for PM treated with LPS chemotype Xcc 8004 at 6 h 
and 24 h and Xcc 8530 at 0h (Table 4.3, 4.4, and 4.11) and by MagReSyn™ 
streptavidin for LPS chemotype Xcc 8530 at 6 h (Table 4.8, 4.10). 
 
The PM-type ATPases are transporters that function as a result of the 
electrochemical gradient formed by the hydrolysis of ATP and have specificities for a 
wide range of cations (Pederson et al., 2012). These transporters participate in 
various cellular processes which include efflux, distribution of micronutrients, cellular 
signalling and Ca2+ compartmentalization (Pederson et al., 2012). ATPase 2 was 
identified as a LPS-interacting PM-associated protein commonly enriched by the 
MagReSyn™ streptavidin affinity strategy for PM treated with LPS chemotype Xcc 
8004 at 24 h and Xcc 8530 at 0 h, 6 h and 24 h (Table 4.7, 4.8 and 4.13) and by 
EndoTrap® HD affinity strategy for PM treated with LPS chemotype Xcc 8004 at 0 h 
(Table 4.5, 4.9). Calcium transporting ATPases are co-transport systems which are 
required for Ca2+ efflux function and are involved in regulation of plant stress 
responses (Yu et al., 2018). Two calcium transporting ATPases 8 and 10 were 
identified as PM-associated proteins commonly enriched by the polymyxin B 
immobilised affinity strategy for both LPS chemotypes Xcc at 6 h and 24 h and Xcc 
8530 at 24 h (Table 4.3, 4.4, 4.11), whilst ATPase 10 was also enriched by the 
MagReSyn™ streptavidin for Xcc 8530 LPS chemotype only at 6 h (Table 4.8). 
These Ca2+-ATPases are specifically involved in plant immunity according to studies 
by Yang et al. (2017), where double mutants aca8 and aca10 showed resistance to 
the bacterial pathogen P. syringae pv. tomato (Pst) DC3000 in Col-0. Another 
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function of ATPases includes the electrochemical gradient used as a driving force for 
secondary transporters such as H+ATPases in plants (Pederson et al., 2012). 
ATPase 3 was identified as a LPS-interacting PM-associated protein enriched by the 
polymyxin B immobilised affinity strategy for Xcc 8004 LPS treatment (Table 4.4).  
 
The ATP-binding cassette (ABC) transporters function as ATP-driven pumps that 
play important and diverse roles in the interaction of the plant with its environment, 
pathogen response, transport of phytohormones and response to abiotic stress 
(Kang et al., 2011). ABC transporters with subfamily G have been linked with 
defense mechanisms and are induced by biotic stresses (Kang et al., 2011; Lefevre 
and Boutry, 2018). An example based on the study of Campbell et al. (2003) shows 
that the ABCG40/AtPDR12 is induced upon infection with both fungal and bacterial 
infections, while the work of Jia et al. (2014) also revealed that ATP-dependent 
binding cassette transporter G family member 16 was responsible for resistance 
against P. syringae pv. tomato DC3000. In the current study, ABC transporters were 
identified as candidate LPS-interacting PM-associated proteins. Specifically the ABC 
transporter G family member 15 for PM treated with both LPS chemotypes enriched 
by the polymyxin B immobilised affinity strategy at 24 h Table 4.3, 4.4 and 4.11). In 
addition, ABC transporter G family member 22 was enriched by the MagReSyn™ 
streptavidin affinity strategy following Xcc 8530 LPS chemotype treatment at 6 h 
(Table 4.8). This suggests that ABC-G transporters may be induced by O-chain and 
core oligosaccharide.   
 
Aquaporins are membrane water channel proteins that not only mediate water up-
take controlled by the PM intrinsic proteins (PIP), but also play important roles in 
plant defense against abiotic and biotic stresses, and have been characterized as 
PM markers (Afzal et al., 2016; Khoza et al., 2019). Dehydration occurs as a result of 
pathogen infections and affects plant water homeostasis (Afzal et al., 2016). In citrus 
plants CsPIP1; 2, CsPIP2; were expressed differentially and exclusively when 
infected with proteobacterium and Candidatus liberibacter (Martins et al., 2015). 
Aquaporins PIP 1 and 2 were identified as candidate LPS-interacting PM proteins 
commonly enriched by the polymyxin B affinity strategy for both LPS chemotype 
treatments Xcc 8004 at 6 h, 12 h and 24 h as well as the EndoTrap® affinity strategy 
for Xcc 8004 at 0 h LPS-treated fractions (Table 4.3, 4.4, 4.5 and 4.11).   
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Membrane trafficking pathways connect the proteins of membrane-bound organelles 
together which have distinct roles in order to maintain cellular functions in a plant 
and also respond to biotic stresses. The membrane trafficking events to and from the 
PM are altered when plant cells are exposed to pathogenic microbes (Leborgne-
Castel and Bouhidel, 2014). Adjusting vesicle membrane trafficking in a plant allows 
cells to respond to microbial challenge and aims to limit pathogenesis (Inada and 
Ueda, 2014; Leborgne-Castel and Bouhidel, 2014). The PM proteins thus regulate 
plant-biotic interactions upon recognition of microbes by initiating subsequent 
signalling. This process is facilitated by two events namely exocytosis and 
endocytosis, where the immune receptors undergo endocytosis for signal 
transduction while defense-related proteins are delivered to pathogen invasion sites 
(Gu et al., 2017). A discussion of such trafficking events follows, correlating the 
proteins involved to those identified as LPS-interacting PM-associated candidates in 
the current study in relation to plant immunity and defense-related responses. The 
events are controlled by regulatory proteins such as ADP-ribosylation factors, Rab 
small GTPAses, tethering proteins and N-ethylmaleimide-sensitive-factor attachment 
protein receptors (SNARES) (Gu et al., 2017). ADP-ribosylation factors (ARF1) 
mediate the budding of transport vesicles according to Inada et al. (2014) but also 
functions in plant disease resistance. A study by Coemans et al. (2008) 
demonstrated that the ARF1 in Nicotania tabacum was required for non-host 
resistance to bacteria. This protein was found as a candidate LPS-interacting protein 
commonly enriched by the MagReSyn™ streptavidin for PM treated with both LPS 
chemotypes Xcc 8004 at 24 h and Xcc 8530 at 6 h (Table 4.7, 4.8 and 4.13). The 
Rab small GTPases are involved in regulatory trafficking steps such as targeting, 
tethering and docking of transport vesicles to the target membrane (Inada and Ueda, 
2014). RAB GTPases play roles in defense-related responses as they are involved in 
secretion of immunity-related proteins to the PM (Wang et al., 2016). A study by 
Speth et al. (2009) shows that RabE1d in Arabidopsis enhances resistance to the 
Pst DC3000 and stimulates pathogenesis-related protein (PR1) secretion.  A number 
of Rab GTPase subfamilies were identified as candidate LPS-interacting PM-
associated proteins commonly enriched by the polymyxin B immobilised and 
MagReSyn™ streptavidin affinity strategies for both LPS chemotypes Xcc 8004 at 0 
h, 6 h, 12 h, 18 h and 24 h and Xcc 8530 at 0 h, 6 h, 12 h and 24 h  (Table 4.3, 4.4, 
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4.7, 4.8, 4.9 and 4.13)  as well as in the non-enriched PM samples treated with LPS 
chemotype Xcc 8004 (Table 4.2). The tethering proteins such as Exocyst 70 assist 
in tethering the secretory vesicles to the PM. This specific protein has been shown to 
be involved in plant-pathogen interactions according to Inada and Ueda (2014), and 
Gu et al. (2017) states that Exo proteins are likely to carry defense cargo and 
contribute to secondary defense. A study by Pecenkova et al. (2011) shows that the 
exo70b2 knockout mutant displays susceptibility to P. syringae. Exocyst complex 
proteins (70 family protein, EXO 70A1, and complex component sec 6) were 
identified as candidate LPS-interacting PM-associated proteins enriched by the 
polymyxin B immobilised and MagReSyn™ streptavidin affinity strategies for Xcc 
8004 LPS chemotype treatment at 6 h and 24 h (Table 4.3 and 4.7) The (SNAREs) 
are responsible for the membrane fusion of transport vesicle to the target membrane 
(Inada and Ueda, 2014). V-snares or vesicle SNAREs (R-SNAREs) and T-SNAREs 
or transmembrane SNAREs include syntaxins (Gu et al., 2017, Wang et al., 2016). 
SNAREs have also been implicated in mediating defense-related responses. A study 
by Kalde et al. (2007) has demonstrated that syntaxin of plants SYP132 is involved 
in defense against the bacterial pathogen in N. benthamiana. In the study 
NbSYP132 was identified as a component contrubting to gene-for-gene resistance. 
When this gene was silenced it was impaired in the expression of PR proteins. Kalde 
et al., 2007 further implicated that NbSYP132 was involved in the exocytosis 
pathway as the target for vesicles containing antimicrobial PR proteins. Syntaxin 132 
was identified as a candidate LPS-interacting PM-associated protein which was 
commonly enriched by the polymyxin B immobilised affinity strategy from PM 
fractions treated with both LPS chemotypes at 6 h , 18 h and 24 h (Table 4.3, 4.4, 
4.10, 4.11) and by the MagReSyn™ streptavidin affinity strategy for Xcc 8530 LPS 
treatment at 6 h (Table 4.8). Novel plant SNARE 13 was also identified as a 
candidate LPS-interacting PM associated protein commonly enriched by polymyxin 
B-immobilised affinity strategy for both LPS chemotype treated PM Xcc 8004 at 6 h 
and LPS chemotype treated Xcc 8530 for 24 h (Table 4.3, 4.4 and 4.11). The alpha 
N-ethylmaleimide-sensitive factor (NSF) attachment protein is used to dissociate 
vesicles after membrane fusion (Gu et al., 2017). This protein was identified in 
fractions enriched by the polymyxin B immobilised affinity strategy following 
treatment with Xcc 8004 at 6 h and 8530 at 24 h LPS chemotypes (Table 4.4, 4.3 
and 4.11).  
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The endocytic trafficking pathway plays a role in immunity and microbial 
pathogenesis at the cytosolic surface of the PM (Wang et al., 2016; Gu et al., 2017). 
Wang et al. (2016) indicated that correct subcellular localization of PRRs and ligand-
induced signaling is dependent on endocytosis. Recycling and degradation are two 
processes encompassing clathrin-mediated endocytosis which is an important and 
well-studied mechanism involved in plant/microbe interactions which could terminate 
or sustain defense–related signaling (Inada and Ueda, 2014; Leborgne-Castel and 
Bouhidel, 2014). Clathrin light and heavy chains facilitate the clathrin-coated vesicles 
that participate in internalization of bound ligands. Mgcina et al. (2015) suggest that 
when LPS binds to mesophyll protoplasts in A. thaliana, the MAMP binding sites are 
internalized by endocytosis leading transiently to reduced levels of the said sites. 
Clathrin light chain (1, 2 and 3) were identified as candidate LPS-interacting PM-
associated proteins enriched by the polymyxin B immobilised affinity strategy 
following Xcc 8530 LPS chemotype treatment at 0 h, 18 h and 24 h (Table 4.4).    
 
Patellins were also identified as candidate LPS-interacting proteins, commonly 
enriched by the polymyxin B immobilised affinity strategy following treatment by both 
LPS chemotypes Xcc 8004 at 6 h and 24 h and Xcc 8530 at 0 h, 12 h, 18 h and 24 h 
(Table 4.2, 4.3 and 4.11) and MagReSyn™ streptavidin affinity strategy for Xcc 8530 
LPS exposure at 6 h and 24 h (Table 4.8 and 4.10), as well as in non-enriched 
samples treated with the wild-type LPS chemotype Xcc 8004 (Table 4.2). According 
to Tejos et al. (2018) and Elmore et al. (2012), the patellins are involved in a host of 
functions including diverse signaling pathways and pathogen attack, polarity and 
patterning. Vilakazi et al. (2017) also identified these proteins as LPS-interacting PM-
associated proteins using similar affinity strategies following A. thaliana treatment 
with B. cepacia LPS.   
 
A last noteworthy observation is that membrane transport and trafficking proteins 
were most commonly identified in two (polymyxin and MagReSyn™) of the three 
affinity strategies. The EndoTrap® HD affinity system resulted in the identification of 
only a few candidates in this category, and this can be attributed to mutant LPS 
(chemotype Xcc 8530) having fewer and different available moieties due to the 
absence of the O-chain and differences in the molecular configuration of lipid A.    
166 
 
4.8.4 Cytoskeletal structure associated with PM 
 
The plant cytoskeleton is the location at which the immune associated processes are 
mobilized and orientated, and controls the movement of the defense-related proteins 
and chemical signals (Li et al., 2019). Cytoskeletal arrangement in plants has been 
implicated in immunity-related responses such as PTI/MTI as well as plant/microbe 
interactions (Vilakazi et al., 2017). The cytoskeleton is found at attachment points at 
or near the PM surface this is considered important since receptor recognition of 
MAMPs occur here and is the initiation point of subsequent pathogen signaling and 
defense (Li et al., 2019).  
 
Actin is required for the movement of organelles and plays a role in a variety of 
processes which include cell division and elongation, polarity and movement, vesicle 
trafficking and endocytosis and immunity (Porter and Day, 2015, Gu et al., 2017). 
Actin plays an important role in intracellular signaling events during pathogen 
infection by rapidly rearranging towards the site of pathogen attack (Porter and Day, 
2015). The protein is a signalling target that changes in response to biotic stresses, 
changes include filament bundling, actin depolymerisation and assembly of new 
filament arrays (Henty-Ridilla et al., 2013).  A study by Henty-Ridilla et al. (2013) has 
demonstrated actin cytoskeletal rearrangement in response to P. syrinage pv. 
tomato where, after 1 hour of infection of Arabidopsis with the pathogen P. syrinage 
pv. tomato DC3000, actin binding filaments were induced. Actin has also been 
implicated in the function of the many aspects of PTI (Henty-Ridilla et al., 2013, Gu 
et al., 2017). Rapid increase of actin filament abundance was observed in response 
to MAMP elf26 treatment by EF-Tu receptor (EFR) (Henty-Ridilla et al., 2014). The 
role of ADF4, an actin binding protein in PTI, has been shown to be regulated by 
actin dynamics as demonstrated by Henty-Ridilla et al. (2014). Studies reveal that 
during plant immunity signaling the ADF4 is inhibited to regulate actin dynamics in 
order to perform PTI associated events. Knockout mutant adf4, when treated with 
elf26 showed decreased actin filament density. A number of actin proteins were 
identified as candidate LPS-interacting PM-associated proteins, commonly enriched 
by the polymyxin B-immobilised affinity strategy for PM treated with both Xcc 8004 at 
6 h and 24 h and 8530 at 24 h LPS chemotypes (Table 4.3, 4.4 and 4.11) and 
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MagReSyn™ streptavidin affinity chromatography for Xcc 8004 LPS treatment at 6 h 
(Table 4.8, 4.10). In addition, actins were also responsive to LPS chemotype Xcc 
8004 in non-enriched samples (Table 4.2). The presence of actins suggests that the 
core oligosaccharide and the O-antigen of LPS perception may play a role in actin 
rearrangement due to PTI. 
 
The microtubule network consists of tubulins which are further categorized into an 
array of α/β heterodimers that function in cell growth, long distance intercellular 
movement and communication (Li et al., 2019). Experimental evidence exists that 
shows that the cytoskeleton forms complexes with immune receptors which further 
activate downstream signaling. A study by Bucherl et al. (2017) has shown 
microtubules to interact with the nanodomains in which the FLS2-BIK1 receptor 
complex is localized.  Pathogen effectors also influence the cytoskeletal function (Li 
et al., 2019). A study by Lee et al. (2012) has shown that the P. syringae type III 
secreted effector HopZ1a interacts with tubulin and polymerized microtubules, and 
causes a dramatic decrease in the A. thaliana microtubule network to promote 
virulence through cytoskeletal disruption. Cytoskeletal proteins also change in 
response to LPS by an increase in phosphorylation as indicated by Gerber et al. 
(2006). Here, when LPS from B. cepacia was used to treat N. tabacum cells, 
phosphorylation of microtubules occurred which signifies defense and signaling 
through post-translational modifications. Tubulins were also identified in the current 
study, enriched by the polymyxin B following treatment with LPS chemotypes Xcc 
8004 0 h, 6 h, 12 h, 18 h and 24 h and Xcc 8530 at 6 h, 18 h and 24 h affinity and 
MagReSyn™ streptavidin affinity strategies following treatment with both LPS 
chemotypes at 6 h, 18 h and 24h for Xcc 8004 and 0 h, 6 h, 12 h and 24 h for LPS 
chemotype Xcc 8530 (Table 4.3, 4.4, 4.5, 4.7, 4.8, 4.9, 4.10, 4.11 and 4.13). In 
addition such proteins were also enriched by the EndoTrap® HD affinity strategy for 
Xcc 8004 LPS-treated fractions (Table 4.5). Tubulins were also identified in non-
enriched samples for PM responsive to LPS chemotype Xcc 8004 (Table 4.2). 
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4.8.5 Metabolic process 
 
Diverse metabolic pathways are required for regulating plant-pathogen interactions, 
particularly in supporting cellular energy requirements for plant defense responses 
(Roja et al., 2014). In addition secondary metabolites play important roles in plant 
defense during interactions of the plant and its surrounding environment. The 
secondary metabolite products are key components of acute and potent defenses 
against both abiotic and biotic stresses and these molecules (Goyal et al., 2012; 
Finnegan et al., 2016). Recognition of MAMPs such as LPS by PRRs results in the 
induction of antimicrobial secondary metabolites (Beets et al., 2012; Finnegan et al., 
2016). 
 
Nitrilase was identified as a candidate LPS-interacting PM-associated protein, 
commonly enriched by the polymyxin B immobilised affinity strategy (Table 4.3, 4.4, 
4.11) and the MagReSyn™ streptavidin affinity strategy (Table 4.7, 4.8, 4.13) 
subsequent to treatment with both Xcc 8004 at 0 h and 6 h and 8530 LPS 
chemotypes at 12 h, 18 h and 24 h, as well as non-enriched PM fractions (Table 4.2) 
treated with Xcc 8004 LPS. Nitrilases catalyse nitrile compounds to carboxylic acids 
and ammonia. Nitriles are produced during the metabolism of defense molecules like 
cyanogenic glycosides and glucosinolates that provide protection to plants against 
pathogen attack. Finnegan et al. (2016) has demonstrated the role of glucosinolates 
as defense-related metabolites in Arabidopsis after treatement with LPS from B. 
cepacia. These proteins have also been implicated as an intermediate in cyanide 
metabolism, as synthesized by plants during a defense response (Howden et al., 
2009). 
 
Aldolase-type TIM barrel family protein was also identified in this study, commonly 
enriched by the MagReSyn™ streptavidin and EndoTrap® affinity strategies (Table 
4.3, 4.5, 4.9, 4.10 and 4.11) for both Xcc 8004 at 6 h, 12 h and 18 h and 8530 at 0 h 
and 24 h LPS chemotype treatments. This family of proteins are also known as 
glycolate oxidases (GOXs) and generates H2O2 when it converts glycolate to 
glyoxylate, thus making GOX another source of H2O2. A number of genes encoding 
GOX in Arabidopsis exists, namely AtGOX1, AtGOX2, AtGOX3, AtHAOX1 
and AtHAOX2. GOX mediates defense-related signal transduction pathways in non-
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host resistance by using H2O2 as a signal (Rojas and Mysore, 2012). Furthermore, a 
study by Rojas et al. (2012) revealed that the source of H2O2 responsible for the 
defense-related responses against non-host P. syringae pv. tabaci was GOX.  
 
A number of cytochrome P450 proteins were identified as candidate LPS-interacting 
PM-associated proteins, as enriched by the polymyxin B affinity strategy (Table 4.3, 
4.4, 4.10 and 4.11) for both LPS chemotypes Xcc 8004 at 6 h and 24 h and Xcc 
8530 at 12 h, 18 h and 24 h treatments and the MagReSyn™ streptavidin affinity 
strategy (Table 4.8) for Xcc 8530 at 6 h LPS-treated fractions.  Plant P450s 
participate in biochemical pathways in both primary and secondary metabolism 
reactions to produce a wide variety of metabolites which include phenylpropanoids, 
alkaloids, terpenoids, lipids, cyanogenic glycosides, glucosinolates (Mizutani, 2012). 
The study by Finnegan et al. (2016) has shown that certain secondary metabolites 
induced in metabolomics pathways have been induced upon treatment with LPS. 
Some of which include the phenylpropanoid pathway and the indole glucosinolate 
(IG) biosynthetic pathway. In this regard the IG is regarded as an important 
secondary metabolite for pathogen resistance in Arabidopsis. P450s also produce 
chemical defense mechanisms against plant pathogens and herbivores (Mizutani, 
2012). A study by Koo et al. (2011) demonstrated the effect of cytochrome P450 in 
plant defenses by use of a phytohormone (jasmonoyl-L-isoleucine, JA-Ile) which is a 
secondary metabolite form of the hormone jasmonate that responds to biotic 
stresses. In the study, loss of function mutants of the P450 cytochrome CYP94B3, 
cyp94b3, caused hyper-accumulation of the JA-Ile and the reverse, where 
overexpression of this enzyme resulted in severe depletion of JA-Ile.  
 
E3 ubiquitin-protein ligases have been implicated in having involvement in plant 
defenses, particularly in initial pathogen perception and downstream signaling 
responses. These proteins pose as targets for microbial effector proteins in order to 
promote disease (Craig et al., 2009; Duplan et al., 2014), and evidence exists for E3 
ligases in plant immune signaling. Wang et al. (2006) has shown that the E3 
ubiquitin ligase XB3 confers resistance to the Xanthomonas oryzae pv. oryzae after 
interacting with XA21. In addition, Park et al. (2012) reported that the fungal effector 
AvrPiz from Magnaporthe oryzae inhibits the ubiquitin ligase activity and is 
translocated into rice cells, which causes suppression of ROS production and 
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thereby inducing susceptibility to M. oryzae. E3 ubiquitin-protein ligase was identified 
as a candidate LPS-interacting PM-associated protein following enrichment by the 
polymyxin B immobilised affinity strategy subsequent to Xcc 8004 LPS chemotype 
treatment at 6 h (Table 4.3), while E3 ubiquitin-protein ligase RNF170-like protein 
(DUF 1232) was enriched by polymyxin B affinity strategy in Xcc 8530 LPS-treated 
fractions at 18 h and 24 h (Table 4.4). 
 
The phosphoglucomutase/phosphomannomutase family protein was identified in this 
study as a candidate LPS-interacting protein commonly enriched by polymyxin B and 
MagReSyn™ streptavidin affinity strategies following treatment with the Xcc 8530 
LPS chemotype at 6 h and 24 h (Table 4.4, 4.8 and 4.10). Phosphoglucomutase is 
an enzyme that functions in glycolytic metabolism by catalysing the interconversion 
of a glucose-1-phosphate and glucose-6-phosphate which partakes in glycolysis. 
This enzyme is also involved in the virulence of a number of Gram-negative bacteria 
(Paterson et al., 2009). 
 
Glyoxalases in plants are associated with stresses and have been suggested as a 
biomarker for abiotic and biotic stress tolerance. Glyoxalate genes have also shown 
sensitivity to biotic stresses (Sankaranarayanan et al., 2017). Lin et al. (2010) has 
shown that when wheat was infected with Fusarium graminearum, glyoxalase 1 
(GLY1) was rapidly induced. Lactoylglutathione lyase is an enzyme found in the 
glyoxalate pathway (Sankaranarayanan et al., 2017). This protein was identified as a 
LPS-interacting PM-associated candidate enriched by the polymyxin B affinity 
strategy for samples treated with the Xcc 8004 LPS chemotype (Table 4.3) and also 
as the MagReSyn™ streptavidin affinity strategy following treatment with Xcc 8530 
LPS chemotype (Table 4.8) at 6 h. 
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CHAPTER 5: CONCLUSION 
 
Microbial invasion in a plant is mostly betrayed via conserved molecular 
signature/pattern or MAMP recognition by the PRRs on the cell surface or PM of a 
host plant. LPS is a well-known MAMP that has been determined as an inducer of 
MTI and subsequent defense-related responses (Mohammed et al., 2015; Ranf et 
al., 2015), while RLKs have been implicated in the said perception (Sanabria et al., 
2012; Ranf et al., 2015), the exact LPS binding mechanism(s) and recognition as 
well as the subsequent signaling cascades are poorly understood. In addition, it has 
been speculated that different LPS moieties may bind to different PRRs (Newman et 
al., 2013). In this regard, the current study investigated proteomic approaches to 
enable the identification of LPS-interacting proteins from A. thaliana PM fractions 
following treatment with the two LPS chemotypes from both the Xcc wildtype 8004 
which has the typical moieties for LPS and mutant 8530 strain which has a modified 
lipid A, truncated core oligosaccharide and absence of an O-chain, ultimately to 
elucidate the importance of structural features of LPS for binding to a 
receptor/receptor complex which leads to the initiation/activation of plant defense 
responses. 
 
In this regard, LPS was successfully isolated and characterized by means of KDO -, 
carbohydrate - and protein quantification, which highlighted the different 
molecular/structural content of the wild-type and mutant LPS. A further means of 
differentiation was performed by gel electrophoresis and silver staining, where 
distinct banding patterns underlined the differences in moieties.  
     
As mentioned, the PM proteome perceives and responds to environmental cues 
such as microbial invasion. A number of plant immune receptors and defense 
regulators are localized within or associated with the PM (Yadeta et al., 2013). This 
prompted the small-scale isolation of PM fractions subsequent to 
treatment/sensitization with both LPS chemotypes for the chosen time points (0, 6, 
12, 18 and 24 h). Western blot analysis and H+-ATPase assays validated the 
isolation of PM-associated proteins followed by 1D analysis coupled to densitometry. 
A requirement of the study was not to have completely pure isolated PM fractions but 
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to also include associated proteins in order to increase the likelihood of finding 
membrane-specific recognition sites. Two dimensional (2D) gel electrophoresis 
coupled to LC/MS/MS identified PM markers along with PM-associated proteins in 
the initial non-enriched fractions, stimulated in response to the LPS chemotypes.   
 
Subsequently, the three affinity enrichment strategies, coupled to LC/MS/MS, proved 
to be successful and effective in capturing the candidate LPS-interacting PM-
associated proteins from A. thaliana following treatment with the Xcc 8004 and 8530 
LPS chemotypes. The identified proteins belonged to five functional categories 
namely perception and signaling, defense and stress response, membrane transport 
and trafficking, skeletal structure and metabolic processes. In particular, those 
pertaining to the first two are thought to be important categories in the response to 
both LPS chemotypes, even though the mutant strain exhibited altered structural 
moieties. However, majority of the significant proteins specifically in perception and 
signaling were identified in response to the wild-type LPS. Furthermore, the 
EndoTrap® HD affinity strategy was considerably affected by the molecular 
differences of the mutant LPS moieties (where the inner core is bound to the matrix, 
thus resulting in the lipid A and O-chain as bait) and, hence, this influenced the 
enrichment of candidate MAMP-interacting proteins. Silipo et al. (2008) and Newman 
et al. (2013) report that the Xcc 8530 mutant  strain is defective in its core completion 
which leads to a significant modification in the lipid A. In addition to the lipid A moiety 
which has already been confirmed as a potent elicitor of immune responses in A. 
thaliana by Ranf et al. (2015), the O-chain polysaccharide and the core 
oligosaccharide have been found to induce perception and signaling as well as 
defense-related responses to LPS, as evidence by transcriptomic findings by Madala 
et al., (2011).  
 
The majority of common/shared candidate LPS-interacting PM-associated proteins 
were identified between the polymyxin B-immobilised - and MagReSyn™ affinity 
strategies, which increased the significance of identification. This also suggests that 
these proteins may assemble in a concerted/coordinated manner in a ‘complex’ 
when responding to the LPS. A typical example of proteins functioning in a complex 
is during flg22 perception, where the FLS2 receptor forms a complex with BAK1 and 
BIK1 to activate MTI signaling (Gao et al., 2014), and similar assemblies of proteins 
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have been implicated in LPS perception (Baloyi et al., 2017; Vilakazi et al., 2017).  A 
significant common candidate LPS-interacting PM-associated protein from the 
current study is the putative BPI/LBP family protein At1g04970, identified at 18 and 
24 h in response to the Xcc 8004 LPS chemotype as well as at 6, 12 and 24 h 
following Xcc 8530 LPS treatment. Lizasa et al. (2016) demonstrated for the first 
time that the N-terminal domain of the AtLBP/BPI-related1 (AtLBR1) in Arabidopsis 
binds directly to LPS. This was enriched by MagReSyn™ streptavidin and polymyxin 
B immobilised affinity strategy which confirms that the core oligosaccharide and O-
antigen participates in binding LPS to the RLKs. 
 
Proteins identified in individual affinity enrichments highlighted the importance of 
individual LPS moieties. A lectin S-domain RLK (LORE) has been identified as 
crucial in perceiving and playing a role in LPS immune response (Ranf et al., 2015). 
Lectin RLKs were also identified in this study in response to wild-type LPS.  SD-RLK 
At1g11330/ SD1-13 identified as enriched at an early 6 h time point post LPS 
treatment is a close homolog of the Nt-Sd-RLK found to specifically be up-regulated 
in response to LPS in tobacco at both early and late responses (Sanabria et al., 
2012). Thus it is plausible to report that S-domain RLKs, and in particular the SD-
RLK 1-13, may also be involved in perceiving LPS in A. thaliana. In addition, a G-
type lectin RLK, At1g67520, was enriched 6 h post-wildtype LPS treatment. This 
protein is similar to LORE and the encoding gene was shown to be up-regulated in 
response to LPS by Lizasa et al. (2017).    
 
The inactive LRR RLK BIR2 and SOBIR1 were also identified in this study, enriched 
in the 6 and 24 h-treated fractions following Xcc 8004 LPS elicitation. These are 
mostly likely regulators of MTI in response to LPS and have been reported to play 
significant roles in BAK1-BRI1 signalling. Vilakazi et al. (2017) and Baloyi et al. 
(2017) have previously identified BAK1 in playing a role in perceiving LPS. 
Pertaining to other studies in our group, proteins involved in receptor-mediated 
exocytosis and endocytosis were identified at 6 and 24 h in response to the wildtype 
LPS chemotype, and has been implicated in LPS binding (Mgcina et al., 2015).        
 
Conclusively, the affinity strategies that were investigated in this study have enabled 
the identification of PM-associated proteins that interact with and respond to each of 
174 
 
the LPS moieties. In so doing, an increased understanding of the perception and 
signaling in terms of the LPS receptor/receptor complex and subsequent related 
plant defense responses was gained. In addition, the study included a mutant which 
showed that the structural alteration of moieties contribute to the elicitation, albeit 
varied, of an immune response. The abovementioned findings can ultimately 
contribute to existing knowledge of the perception of LPS (as MAMP containing 
multiple recognition moieties) and prompt further studies into the development of 
new strategies to deal with improving plant health and disease resistance to 
pathogens.    
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Figure S1: Comparative 12% 1D SDS-PAGE gels of the first biological repeats for the remainder of the treatment-time points (A: 0 h, B: 6 h, C: 12 h and D: 
18 h) as indicated in Figure 4.10 with i) indicating the untreated, control sample followed by ii) Xcc 8004 LPS-treated samples and iii) Xcc 8530 LPS-treated 
samples from A. thaliana leaves. Twenty µg each of the homogenate (HM), microsomal (MF) and plasma membrane (PM) fraction was loaded alongside the 
broad range (5-250 KDa) unstained protein marker. 
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Figure S2: Comparative 12% 1D SDS-PAGE gels of the second biological repeats for the respective treatment-time points (A: 0 h, B: 6 h, C: 12 h, D 18 h, E: 
24 h) with i) indicating the untreated, control sample followed by ii) Xcc 8004 LPS-treated samples and iii) Xcc 8530 LPS-treated samples from A. thaliana 
leaves. Twenty µg each of the homogenate (HM), microsomal (MF) and plasma membrane (PM) fraction was loaded alongside the broad range (5-250 KDa) 
unstained protein markers or pre-stained markers (10-260 KDa).  
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Figure S3: Lane intensity graphs obtained by densitometric analysis of the 12% 1D SDS-PAGE samples from the A. thaliana PM fractions for the remainder 
of the time points A) 0 h, B) 6, C) 12 and D) 18 h as mentioned previously in Figure 4.10 with lane i) HM, ii) MF and iii) PM, and 1) untreated control, 2) Xcc 
8004 LPS chemotye treatment and 3) Xcc 8530 LPS chemotype treatment .   
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Figure S4: Comparative 12% broad range (pH 3-10) 2D SDS PAGE of the PM fraction comparing the i) control to each of the LPS chemotype treatments ii) 
Xcc 8004 and iii) Xcc 8530 for the A) 0 h, B) 6 h, C) 12 h and D) 24 h. 
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Figure S5: The elution profiles of the binding and desorption events between the LPS-immobilized 
polymyxin B and interacting PM-associated candidate proteins from the A) 0 h, B) 12 h, C) 18 h and 
D) 24 h for A. thaliana treatment with i) LPS chemotype Xcc 8004 and ii) LPS chemotype Xcc 8530. 
The blue curve represents the absorbance of the flow-through (non-bound proteins) fractions eluted 
with 10 mM Tris-HCl, the red curve represents the absorbance of non-specific bound proteins eluted 
with 1 M NaCl and the green curve indicates the absorbance of the PM-associated LPS-interacting 
candidate proteins desorbed from the column by 1% SDS eluent. E) Represents polymixin B resin (no 
LPS immobilization) interaction with proteins for the non-specific binding control and were not 
considered to be interacting proteins. 
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Figure S6: Represntation of the data obtained by the Byonic™ software for protein identification. A) A score plot indicating the differential abundance of 
proteins and B) the computed mass which is observed in the precursor mass error loadings plot i.e. the difference between the calculated mass and the 
observed mass of the peptides.    
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Table S1: The PM proteins that interacted with the polymyxin B resin (no LPS immobilized) used for affinity chromatography and identified by LC/MS/MS 
considered as the control. These were not considered as LPS-interacting proteins.  
Protein
a Accession 
number
b 
Calculated 
Mass
c
 
(M+H) 
Mass 
error
d
 
(ppm) 
Byonic® 
score
e
 
|Log 
probability
f
| 
Photosystem II CP43 reaction center protein  P56778 1426.765 0.2 571.80 8.34 
Photosystem II CP47 reaction center protein P56777 1923.866 -2.8 554.10 7.70 
ABC transporter G family member 36  Q9XIE2  1000.640 -0.2 413.20 7.08 
CSC1-like protein ERD4  Q9C8G5  1368.727 2.0 530.80 8.52 
Rubisco activase  F4IVZ7  2347.189 -0.8 667.80 10.37 
Cytochrome f  P56771  1609.818 -1.3 573.60 8.20 
ATPase 1 P20649  1429.728 -0.2 514.30 8.20 
Mediator of RNA polymerase II transcription subunit 37a  Q9LKR3 1659.895 0.4 624.80 9.71 
Hexokinase-1 Q42525  1832.939 0.2 553.10 8.38 
V-type proton ATPase catalytic subunit A O23654 1255.701 0.0 443.90 6.48 
Thylakoid rhodanese-like protein  A0A1P8B8J7 1443.744 0.0 637.00 8.97 
Glycerophosphodiester phosphodiesterase GDPDL1  Q7Y208 3168.596 -0.3 511.50 7.44 
Ribulose bisphosphate carboxylase large chain  O03042 1684.861 -0.4 430.50 8.24 
Jacalin-related lectin 23 O80948 1438.779 0.1 444.70 7.58 
Jacalin-related lectin 23  A0A1P8AXC4 1438.779 0.1 444.70 7.58 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase 48 kDa subunit  Q944K2 1438.779 0.1 444.30 7.40 
Clathrin heavy chain 1  Q0WNJ6 1845.971 -0.2 413.40 8.12 
Photosystem I P700 chlorophyll a apoprotein A2   P56767 2147.040 -1.1 546.70 8.38 
ATP synthase beta chain (Subunit II) Q42139 1700.943 -0.5 487.50 7.94 
Patellin-1 OS=Arabidopsis thaliana  Q56WK6 1231.689 0.0 475.80 6.77 
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5-methyltetrahydropteroyltriglutamate--homocysteine methyltransferase 1  O50008 2075.088 0.7 538.00 8.42 
V-type proton ATPase subunit a3  Q8W4S4 1754.881 -1.6 481.00 7.97 
(S)-2-hydroxy-acid oxidase GLO1  Q9LRR9 1245.731 1.0 456.70 7.29 
Aldolase-type TIM barrel family protein  A8MS37 1245.731 1.0 456.70 7.29 
Aldolase-type TIM barrel family protein  Q2V3V9 1245.731 1.0 456.70 7.29 
Aldolase-type TIM barrel family protein  B3H4B8 1245.731 1.0 456.70 7.29 
60S ribosomal protein L4-2  P49691 993.503 0.1 401.10 7.12 
Ribosomal protein L4/L1 family  F4KDU5 993.503 0.1 401.10 7.12 
Elongation factor 2 Q9ASR1 890.509 -0.2 314.30 38.37 
Synaptotagmin-1  Q9SKR2 1165.719 0.7 427.00 38.35 
60S ribosomal protein L7-2  P60040 1571.864 1.3 431.80 38.24 
V-type proton ATPase subunit C  Q9SDS7 1642.926 1.0 518.50 38.16 
Rieske (2Fe-2S) domain-containing protein  Q9C9I7 1532.694 -1.2 412.70 37.83 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 2  Q93Z16 1864.929 2.3 462.50 37.54 
Ribophorin II (RPN2) family protein F4JIM7 1864.929 2.3 462.50 37.54 
Outer membrane OMP85 family protein  Q9FFG3 1855.918 -1.0 450.30 37.13 
V-type proton ATPase subunit B1  P11574 1563.801 -2.2 492.30 37.05 
V-type proton ATPase subunit B3  Q8W4E2 1563.801 -2.2 492.30 37.05 
Probable mediator of RNA polymerase II transcription subunit 37e  P22953 1306.725 0.7 436.20 36.98 
Transketolase OS=Arabidopsis thaliana  F4JBY2 1237.642 -1.0 434.00 36.58 
Eukaryotic translation initiation factor 3 subunit A  Q9LD55 2089.056 1.1 419.00 36.56 
Glyceraldehyde-3-phosphate dehydrogenase C2  F4HQT1 1498.848 1.8 426.70 36.20 
40S ribosomal protein S3-1  Q9SIP7 1423.670 -1.2 539.40 36.18 
GDSL esterase/lipase ESM1  Q9LJG3 2101.042 -1.3 467.30 35.44 
Jacalin-related lectin 35  O04309 1469.763 -0.4 421.30 34.63 
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Mannose-binding lectin superfamily protein  A0A1I9LQM9 1469.763 -0.4 421.30 34.63 
40S ribosomal protein Sa-1  Q08682 1865.049 -0.9 534.40 34.57 
40S ribosomal protein SA  B9DG17 1865.049 -0.9 534.40 34.57 
Aquaporin PIP2-1  P43286 1069.568 3.6 411.20 34.34 
Myrosinase-binding protein 1  Q9SAV0 1459.827 1.1 534.20 34.21 
Tubulin beta-4 chain  P24636 1139.694 -0.1 447.40 34.19 
60S acidic ribosomal protein P0-2  Q42112 1411.841 2.6 523.70 34.05 
60S acidic ribosomal protein P0  A8MQR4 1411.841 2.6 523.70 34.05 
Protein ROOT HAIR DEFECTIVE 3  P93042 1211.573 0.5 366.40 33.77 
Outer membrane OMP85 family protein  Q9SRL6 1454.796 -1.3 373.20 33.45 
Catalytics OS=Arabidopsis thaliana F4JXW9 1151.606 0.1 432.40 33.06 
40S ribosomal protein S6-2  P51430 1712.918 0.1 369.30 31.72 
Expressed protein OS=Arabidopsis thaliana O80858 1889.009 0.3 565.90 31.20 
60S ribosomal protein L6-2  Q9C9C6 2047.038 1.1 475.40 30.97 
60S ribosomal protein L6-3  Q9C9C5 2047.038 1.1 475.40 30.97 
Malate dehydrogenase 2 Q9ZP05 2138.153 0.0 513.60 30.37 
Malate dehydrogenase  F4KDZ4 2138.153 0.0 513.60 30.37 
Annexin D1  Q9SYT0 1020.496 -0.7 437.00 30.24 
40S ribosomal protein S14-2  Q9CAX6 1769.939 0.3 445.70 30.16 
Catalase-3  Q42547 3405.635 -1.7 403.30 29.82 
Catalase 3 B9DG18 3405.635 -1.7 403.30 29.82 
Tubulin alpha-4 chain  Q0WV25 1701.906 0.3 475.20 29.44 
Tubulin alpha-2 chain   B9DGT7 1701.906 0.3 475.20 29.44 
Tubulin alpha-6 chain  P29511 1701.906 0.3 475.20 29.44 
Phospholipase D delta   Q9C5Y0 1293.716 5.3 410.10 28.94 
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Adenosylhomocysteinase 1  O23255 2610.323 -1.9 319.90 28.93 
Delta-1-pyrroline-5-carboxylate synthase A  P54887 1588.833 0.2 429.90 28.86 
Delta-1-pyrroline-5-carboxylate synthase  F4IFZ9 1588.833 0.2 429.90 28.86 
Delta1-pyrroline-5-carboxylate synthase 1  B9DFG0 1588.833 0.2 429.90 28.86 
30S ribosomal protein S3 P56798 941.553 -0.1 391.00 28.61 
Probable elongation factor 1-gamma 2  Q9FVT2 2096.048 2.0 370.80 28.33 
Dynamin-2B  Q9LQ55 1158.611 -0.2 287.10 28.21 
Cysteine synthase 1  P47998 1598.911 0.9 581.70 28.13 
Hypersensitive-induced response protein 2  Q9CAR7 1313.637 -0.4 388.10 27.84 
Coatomer subunit alpha-2  Q9SJT9 1618.848 1.2 408.20 27.58 
Glutathione S-transferase F2  P46422 1188.626 0.3 417.00 27.51 
40S ribosomal protein S4-1 Q93VH9 1366.678 0.0 436.30 27.40 
40S ribosomal protein S4-2  P49204 1366.678 0.0 436.30 27.40 
40S ribosomal protein S4  F4K5C7 1366.678 0.0 436.30 27.40 
Glycerophosphodiester phosphodiesterase GDPDL3   Q9SZ11 1719.943 2.0 346.30 27.09 
COP1-interactive protein 1   F4JZY1 1500.790 -0.3 337.70 27.01 
MAR-binding filament-like protein 1   Q9LW85 1146.575 0.1 439.40 26.61 
Calnexin homolog 1 OS=Arabidopsis thaliana   P29402 1784.943 0.5 383.50 26.57 
Eukaryotic initiation factor 4A-1  P41376 958.520 0.6 421.30 26.36 
NADH dehydrogenase [ubiquinone] iron-sulfur protein 2  P93306 1414.660 0.4 511.00 25.98 
Expressed protein  O80503 1815.053 1.1 458.10 25.58 
Cytochrome b559 subunit alpha  P56779 1485.686 0.4 538.70 25.42 
Patched family protein  F4JTN1 1436.836 0.6 438.00 25.10 
Patched family protein  F4JTN0 1436.836 0.6 438.00 25.10 
Nicalin Q9M292 1315.701 -0.5 415.20 24.85 
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Protein disulfide isomerase-like 1-1  Q9XI01 957.613 0.6 366.10 24.79 
Protein disulfide-isomerase  F4HZN9 957.613 0.6 366.10 24.79 
60S ribosomal protein L23  P49690 1994.934 -0.4 361.10 24.12 
Photosystem II D2 protein  P56761 2607.266 -0.1 367.80 24.07 
60S ribosomal protein L5-1  Q8LBI1 2189.218 1.0 397.40 23.70 
60S ribosomal protein L11-2  P42794 1105.592 0.2 349.10 23.35 
60S ribosomal protein L11-1  P42795 1105.592 0.2 349.10 23.35 
Beta-D-glucopyranosyl abscisate beta-glucosidase  Q9SE50 1757.890 -0.8 569.80 23.34 
Leucine-rich repeat (LRR) family protein Q9LT39 1440.781 1.0 461.70 23.21 
F15H11.2 protein Q9S791 1423.794 1.4 422.00 23.18 
Ras-related protein RABH1b  O80501 1480.764 1.0 522.40 22.92 
MALE GAMETOPHYTE DEFECTIVE 1  F4III4 1267.624 0.2 417.90 22.91 
Cytochrome P450 83A1 OS=Arabidopsis thaliana P48421 1259.809 0.4 321.50 22.86 
ABC transporter C family member 14  Q9LZJ5 1801.985 1.5 387.50 22.56 
Carotenoid 9,10(9',10')-cleavage dioxygenase 1  O65572 1342.725 0.5 423.60 22.48 
40S ribosomal protein S18  P34788 2101.059 0.2 598.60 22.31 
Histone H4  P59259 1326.697 0.5 335.00 22.29 
60S ribosomal protein L27-3  P51419 2122.128 -0.1 424.70 22.05 
Plasma membrane-associated cation-binding protein 1  Q96262 1146.641 0.8 340.90 21.89 
Inactive GDSL esterase/lipase-like protein 23  Q8W4H8 1393.736 2.4 490.20 21.89 
Syntaxin-71  Q9SF29 1712.874 0.2 403.20 21.87 
60S ribosomal protein L9-1  P49209 1914.018 1.7 397.60 21.66 
Very-long-chain 3-oxoacyl-CoA reductase 1 Q8L9C4 968.625 0.4 364.50 21.63 
Patellin-2  Q56ZI2 993.489 3.0 372.10 21.53 
PATELLIN 2 A0A1P8ANK1 993.489 3.0 372.10 21.53 
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V-type proton ATPase subunit D Q9XGM1 801.458 -0.1 337.10 21.47 
Rhodanese/Cell cycle control phosphatase superfamily protein  F4J9G2 1054.662 0.4 326.00 21.45 
ABC transporter B family member 28  Q8LPQ6 900.526 -0.3 355.40 21.44 
Non-intrinsic ABC protein 8  F4JSM3 900.526 -0.3 355.40 21.44 
Adenylate kinase 4  O82514 1610.838 -0.7 539.20 21.38 
NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 13-B  O49313 1496.796 4.2 504.10 21.20 
Ribulose bisphosphate carboxylase small chain  B3H5S2 2068.085 1.5 464.70 21.04 
Ribulose bisphosphate carboxylase small chain  F4KA76 2068.085 1.5 464.70 21.04 
Probable protein phosphatase 2C 9 Q9LME4 1476.729 -1.4 403.40 20.62 
60S ribosomal protein L3-1  P17094 1033.564 0.2 452.10 20.61 
Photosystem I subunit l  A0A1P8B6D0 1527.801 0.4 358.80 20.54 
ABC transporter B family member 19  Q9LJX0 1170.594 -0.9 327.60 20.53 
Heat shock protein 90-2  P55737 1583.791 0.2 346.80 20.53 
Basic transcription factor 3  Q9SMW7 2637.428 1.1 337.80 20.43 
60S ribosomal protein L18-2 P42791 1385.800 0.7 459.10 20.32 
40S ribosomal protein S2-2  Q93VB8 1782.938 0.2 517.50 20.29 
40S ribosomal protein S2-3  P49688 1782.938 0.2 517.50 20.29 
ABC transporter C family member 1 Q9C8G9 1908.981 0.7 348.80 20.09 
Ras-related protein RABE1d  Q9LZD4 2330.133 -0.5 412.30 19.99 
Photosystem II protein D1  P83755 1416.604 1.2 321.80 19.98 
Nucleolin 1  Q9FVQ1 843.493 5.3 313.90 19.86 
60S ribosomal protein L8-3  Q42064 1251.778 1.8 398.00 19.59 
Cytochrome P450, family 706, subfamily A, polypeptide 1   F4JLY4 1602.743 -1.1 398.00 19.55 
Elongation factor 1-alpha 2  Q8W4H7 914.567 0.2 479.40 19.48 
Elongation factor 1-alpha 4   Q8GTY0 914.567 0.2 479.40 19.48 
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Elongation factor 1-alpha 1 P0DH99 914.567 0.2 479.40 19.48 
Elongation factor 1-alpha 3   Q0WL56 914.567 0.2 479.40 19.48 
GTP binding Elongation factor Tu family protein  F4HUA0 914.567 0.2 479.40 19.48 
Dicarboxylate diiron protein, putative (Crd1)  F4J0U9 1492.789 1.3 326.20 19.43 
NAD(P)-binding Rossmann-fold superfamily protein O65502 1739.965 -1.0 466.10 19.38 
Ras-related protein RABB1b  Q38922 1319.732 0.5 505.30 19.35 
Monocopper oxidase-like protein SKU5  Q9SU40 1294.654 1.7 433.60 19.17 
Peroxidase 12  Q96520 1012.615 1.0 388.30 19.09 
40S ribosomal protein S5-1  Q9ZUT9 998.563 0.4 367.40 19.07 
Endoplasmin homolog  Q9STX5 1539.809 -0.7 312.50 18.85 
Chaperone protein htpG family protein  F4JQ55 1539.809 -0.7 312.50 18.85 
NAD(P)-binding Rossmann-fold superfamily protein  A0A1P8BBC4 1708.854 1.3 451.70 18.84 
NAD(P)-binding Rossmann-fold superfamily protein Q949S7 1708.854 1.3 451.70 18.84 
60S ribosomal protein L35-4  Q9LZ41 1286.768 0.9 570.20 18.83 
Ribosomal L29 family protein F4KDR2 1286.768 0.9 570.20 18.83 
40S ribosomal protein S13-2  P59224 1253.758 0.1 403.30 18.77 
NADH dehydrogenase [ubiquinone] iron-sulfur protein 3  Q95748 1340.721 0.1 395.80 18.53 
60S ribosomal protein L14-1  Q9SIM4 1327.653 1.1 387.80 18.49 
Phospholipid:diacylglycerol acyltransferase 1 Q9FNA9 1435.758 1.1 378.20 18.44 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 1B  Q9ZUA0 1333.714 0.9 363.30 18.31 
Translocon-associated protein subunit alpha P45434 1996.096 0.8 452.80 18.22 
Translocon-associated protein (TRAP), alpha subunit F4IGI4 1996.096 0.8 452.80 18.22 
Cystine lyase CORI3 Q9SUR6 1533.889 2.1 385.00 18.10 
Tyrosine transaminase family protein F4JP99 1533.889 2.1 385.00 18.10 
V-type proton ATPase subunit d1  Q9LJI5 1601.886 1.7 498.30 18.10 
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Early endosome antigen  F4ISU2 1863.970 2.9 312.10 17.98 
Probable plastid-lipid-associated protein 12 Q8LAP6 1168.705 1.7 456.40 17.78 
Ribosomal RNA small subunit methyltransferase J  Q93VT6 1957.039 0.2 434.50 17.75 
60S acidic ribosomal protein P2-2  Q9SLF7 2116.138 -0.1 420.70 17.72 
60S acidic ribosomal protein family  F4IGR3 2116.138 -0.1 420.70 17.72 
6-phosphogluconate dehydrogenase, decarboxylating 3  Q9FWA3 2012.121 0.1 333.10 17.62 
Plant/protein  F4IX01 3123.580 -1.6 587.60 17.56 
Plant/protein Q9M277 3123.580 -1.6 587.60 17.56 
Calcium-transporting ATPase 4 O22218 1492.725 -0.6 429.50 17.55 
60S ribosomal protein L12-1  P50883 1343.717 -0.5 476.00 17.52 
60S ribosomal protein L12-2  Q9LFH5 1343.717 -0.5 476.00 17.52 
Monooxygenase 1  F4JK85 1420.816 0.3 494.20 16.93 
Cytochrome b6  P56773 1163.602 -0.7 507.90 16.90 
Fructose-bisphosphate aldolase 5 O65581 1492.739 -2.4 371.20 16.83 
Beta carbonic anhydrase 2 P42737 1407.696 -1.0 392.00 16.82 
Carbonic anhydrase  F4K873 1407.696 -1.0 392.00 16.82 
Carbonic anhydrase F4K875 1407.696 -1.0 392.00 16.82 
Ubiquitin-60S ribosomal protein L40-2  Q42202 1065.558 0.4 352.10 16.80 
Ubiquitin-40S ribosomal protein S27a-3  P59233 1065.558 0.4 352.10 16.80 
Ubiquitin-NEDD8-like protein RUB1  Q9SHE7 1065.558 0.4 352.10 16.80 
Ubiquitin-NEDD8-like protein RUB2  Q8RUC6 1065.558 0.4 352.10 16.80 
Polyubiquitin 14  Q3E7T8 1065.558 0.4 352.10 16.80 
Polyubiquitin 4  P0CH32 1065.558 0.4 352.10 16.80 
Polyubiquitin 11  P0CH33 1065.558 0.4 352.10 16.80 
Polyubiquitin 3  Q1EC66 1065.558 0.4 352.10 16.80 
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Polyubiquitin 10  Q8H159 1065.558 0.4 352.10 16.80 
Ubiquitin-60S ribosomal protein L40-1  B9DHA6 1065.558 0.4 352.10 16.80 
Ubiquitin-40S ribosomal protein S27a-1  P59271 1065.558 0.4 352.10 16.80 
Ubiquitin-40S ribosomal protein S27a-2  P59232 1065.558 0.4 352.10 16.80 
Ubiquitin 4  A0A1P8BGQ7 1065.558 0.4 352.10 16.80 
Ubiquitin 13  F4I9X6 1065.558 0.4 352.10 16.80 
Adenine nucleotide transporter 1 F4JHS4 1760.903 1.3 504.90 16.71 
ATPase 2, plasma membrane-type  P19456 1168.657 1.3 400.80 16.69 
Plasma membrane ATPase  F4JPJ7 1168.657 1.3 400.80 16.69 
40S ribosomal protein S26-3  Q9LYK9 1698.822 -1.3 433.00 16.67 
Callose synthase 9  Q9SFU6 1403.753 1.2 432.60 16.67 
Protein TIC 214 P56785 1026.610 0.4 302.80 16.64 
Vacuolar-sorting receptor 4  Q56ZQ3 1510.859 3.0 447.40 16.59 
26S proteasome regulatory subunit S10B homolog B  Q9MAK9 1276.690 0.8 364.10 16.30 
26S proteasome regulatory subunit 10B homolog A   Q9SEI3 1276.690 0.8 364.10 16.30 
Probable inactive receptor kinase At5g16590   Q9FMD7 2127.170 -1.3 432.00 16.25 
40S ribosomal protein S8-1   Q93VG5 1704.892 -1.6 505.50 16.20 
 Ras-related protein RABA1a   P28185 1057.625 2.1 376.10 16.15 
FKBP-type peptidyl-prolyl cis-trans isomerase   Q9LHH3 1244.725 -3.8 306.30 16.14 
3-ketoacyl-CoA thiolase 2 Q56WD9 2352.300 0.9 307.60 16.13 
Probable aquaporin PIP1-5   Q8LAA6 1960.969 2.9 355.20 16.04 
Monodehydroascorbate reductase 2   Q93WJ8 1176.590 -1.9 306.10 15.82 
40S ribosomal protein S9-1   Q9LXG1 1286.695 -0.5 351.10 15.77 
Ribosomal protein S4   B3H7J6 1286.695 -0.5 351.10 15.77 
Uncharacterized protein At3g61260   Q9M2D8 2475.345 -1.0 340.40 15.64 
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Peroxisomal membrane protein 11D   O80845 1107.714 0.1 303.70 15.61 
Glyceraldehyde-3-phosphate dehydrogenase   A0A1P8APR6 2557.230 -0.3 396.50 15.57 
Vesicle-associated membrane protein 711   O49377 1998.039 -1.0 383.30 15.38 
26S proteasome non-ATPase regulatory subunit 3 homolog A   Q9LNU4 1381.721 0.4 446.70 15.35 
60S ribosomal protein L4-1   Q9SF40 1668.917 -1.1 374.50 15.31 
Tetratricopeptide repeat (TPR)-like superfamily protein   F4I2Z0 1882.922 0.0 494.60 15.30 
Temperature-induced lipocalin-1   Q9FGT8 1255.611 -0.3 401.50 15.26 
Rubredoxin family protein   Q9FFJ2 1780.959 0.0 395.60 15.19 
Cysteine-rich receptor-like protein kinase 10  Q8GYA4 1315.657 0.0 348.70 15.06 
ADP-ribosylation factor-like protein 8a   Q8VY57 1438.863 1.5 365.20 14.97 
ADP-ribosylation factor-like A1C  A0A1I9LR83 1438.863 1.5 365.20 14.97 
Eukaryotic translation initiation factor 3 subunit B   Q9C5Z1 1206.579 0.8 316.10 14.94 
Hypersensitive-induced response protein 1  Q9FM19 1408.758 -1.0 405.90 14.91 
Myrosinase 1  P37702 1744.865 0.6 494.10 14.82 
TRAF-like family protein Q9LHA6 1531.790 -1.1 309.50 14.79 
Membrane-associated protein VIPP1 O80796 1144.632 1.2 600.30 14.70 
Uncharacterized protein  F4HQT8 1741.923 2.3 434.80 14.42 
Probable aquaporin TIP2-2  Q41975 1608.848 1.2 429.90 14.35 
Hypersensitive-induced response protein 3  Q9SRH6 2372.257 2.4 324.90 14.35 
Senescence/dehydration-associated protein-like protein  A0A1P8AYB1 1344.679 0.2 411.30 14.31 
ATP synthase protein MI25  Q04613 1146.648 -0.5 446.10 14.30 
Phosphoinositide phospholipase C 2  Q39033 1167.516 -0.9 395.90 14.29 
Phosphoinositide phospholipase C  F4IX90 1167.516 -0.9 395.90 14.29 
Glutamate--glyoxylate aminotransferase 1  Q9LR30 991.521 0.4 320.70 14.28 
60S ribosomal protein L13-1  P41127 1244.659 -0.4 447.00 14.26 
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Ras-related protein RABF1  Q9CB01 1057.625 2.1 376.10 14.16 
Photosystem I iron-sulfur center  P62090 1519.605 1.5 426.60 14.06 
Ferredoxin--NADP reductase F4JZ46 1961.016 0.4 468.00 14.03 
Chaperone protein dnaJ 13 Q39079 1385.738 1.3 413.30 14.00 
Chloroplast thylakoid lumen protein  A0A1P8B5H3 1879.028 -0.6 460.70 13.97 
SOUL heme-binding family protein  F4IRX7 991.557 0.8 336.30 13.97 
Plastid-lipid associated protein PAP / fibrillin family protein  F4K2P2 1486.757 1.7 337.00 13.87 
Calcium-dependent lipid-binding (CaLB domain) family protein Q9LEX1 1669.895 -1.3 308.50 13.73 
60S ribosomal protein L13a-2  Q9LRX8 1312.758 -0.6 368.30 13.72 
Carbohydrate-binding-like fold A0A1I9LSH2 1952.122 1.1 314.40 13.71 
Glycerol-3-phosphate 2-O-acyltransferase 4  Q9LMM0 1597.935 1.4 346.80 13.67 
Ras-related protein RABG3e  Q9XI98 1187.621 0.4 377.40 13.65 
40S ribosomal protein S15a-1  P42798 972.572 0.0 387.60 13.65 
Cytochrome P450 84A1  Q42600 1455.780 1.6 360.80 13.62 
Protoporphyrinogen oxidase A0A1P8BE58 1119.652 0.4 392.20 13.62 
Expressed protein Q9SKM7 1333.634 -1.4 393.20 13.51 
Leucine aminopeptidase 1  P30184 1148.667 -0.1 332.9 13.47 
Serine/threonine-protein kinase BSK1  Q944A7 1269.741 1.0 398.60 13.43 
60S ribosomal protein L7a-1 P49692 1350.763 0.5 306.50 13.35 
Cytochrome c oxidase subunit 2  P93285 1183.716 0.1 454.60 13.33 
Ubiquinol--cytochrome-c reductase-like protein  Q9LXJ2 1789.908 1.0 415.00 13.28 
60S ribosomal protein L24-1  Q42347 1257.741 2.8 501.20 13.26 
60S ribosomal protein L24-2 P38666 1257.741 2.8 501.20 13.26 
Pleckstrin homology (PH) domain-containing protein   F4JNE4 1578.837 2.6 312.60 13.26 
Pleckstrin homology (PH) domain-containing protein   F4JNE3 1578.837 2.6 312.60 13.26 
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Pleckstrin homology (PH) domain-containing protein   F4JNE2 1578.837 2.6 312.60 13.26 
PGR5-LIKE A  A0A2H1ZEN5 1485.791 1.4 321.40 13.21 
Leucine-rich repeat protein kinase family protein  Q8GZ99 1444.764 4.0 320.20 13.15 
60S ribosomal protein L13a-1 Q9SFU1 1239.731 -0.2 468.30 13.11 
14-3-3-like protein GF14 chi  P42643 1570.869 0.8 444.50 12.99 
General regulatory factor 1  F4JJ94 1570.869 0.8 444.50 12.99 
3-ketoacyl-acyl carrier protein synthase I  F4KHF4 1359.748 0.5 389.50 12.95 
Adenylate kinase family protein  F4JYC0 1588.801 1.8 385.70 12.90 
DNA repair ATPase-like protein Q9ZQ26 1247.648 -0.8 355.20 12.82 
UTP--glucose-1-phosphate uridylyltransferase 2  Q9M9P3 1312.758 1.6 322.60 12.82 
UTP--glucose-1-phosphate uridylyltransferase  A0A1I9LT02 1312.758 1.6 322.60 12.82 
UTP--glucose-1-phosphate uridylyltransferase A0A1I9LT03 1312.758 1.6 322.60 12.82 
Protein disulfide-isomerase 5-2  Q94F09 1435.816 0.5 351.70 12.79 
ARM repeat superfamily protein  Q93VS8 1236.742 -0.3 455.60 12.73 
40S ribosomal protein S3a-1  Q9CAV0 1619.890 0.4 496.20 12.71 
Non-lysosomal glucosylceramidase  F4JLJ2 1154.584 1.2 307.40 12.67 
Leucine-rich repeat (LRR) family protein  Q8RWI2 1155.673 0.8 335.20 12.64 
Synaptotagmin-5  Q8L706 1253.783 0.3 336.20 12.52 
40S ribosomal protein S16-3  Q42340 1128.703 1.1 376.80 12.45 
Phosphomethylethanolamine N-methyltransferase  Q944H0 1071.616 0.2 298.00 12.27 
Aspartate aminotransferase P46645 1442.785 -0.4 314.10 12.22 
T-complex protein 1 subunit zeta 1  Q9M888 1266.705 -0.6 336.90 12.18 
40S ribosomal protein S10-1  Q9SW09 1630.905 0.4 562.80 12.18 
Phospholipase A1-IIdelta  Q9SJI7 1320.670 1.1 345.80 12.16 
Importin subunit beta-1 Q9FJD4 1054.589 -0.4 334.40 12.14 
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26S proteasome regulatory subunit 8 homolog B  Q94BQ2 1479.864 -0.3 323.00 12.13 
26S proteasome regulatory subunit 8 homolog A  Q9C5U3 1479.864 -0.3 323.00 12.13 
Regulatory particle triple-A ATPase 6A  A0A1P8BCJ5 1479.864 -0.3 323.00 12.13 
60S ribosomal protein L28-1 O82204 1973.091 0.6 445.70 12.02 
60S ribosomal protein L26-1  P51414 1701.895 -1.0 350.10 11.89 
Ras-related protein RABB1c  P92963 1770.854 -1.9 343.30 11.80 
Trans-cinnamate 4-monooxygenase  P92994 980.556 0.6 303.90 11.80 
NADH-ubiquinone oxidoreductase chain 2  O05000 1193.652 1.4 368.50 11.69 
Transmembrane protein  Q9FHB8 1157.704 0.8 421.60 11.61 
Dynamin-related protein 1A   P42697 1116.662 1.0 359.70 11.61 
Dynamin-like protein   F4K015 1116.662 1.0 359.70 11.61 
ATP-dependent Clp protease proteolytic subunit  F4IAG5 1667.959 0.6 401.50 11.56 
Ras-related protein RABD2c  Q9SEH3 1708.879 -0.3 506.30 11.39 
Uncharacterized protein  F4IUJ0 1358.622 -0.6 337.10 11.36 
Protein STRICTOSIDINE SYNTHASE-LIKE 4  Q9SD07 946.520 0.0 321.20 11.34 
Ribosomal protein L30/L7 family protein F4IT48 1698.885 -0.1 407.30 11.33 
PLAT domain-containing protein 1  O65660 978.500 -4.3 304.90 11.30 
Serine--glyoxylate aminotransferase  Q56YA5 986.567 -0.7 318.70 11.26 
NDR1/HIN1-like protein 3  Q9FNH6 1496.843 0.2 446.20 11.24 
Nucleoside diphosphate kinase 1  P39207 1695.939 -0.3 308.10 11.12 
Aquaporin TIP2-1  Q41951 3179.724 4.2 490.90 11.09 
Beta carbonic anhydrase 4  Q94CE4 2062.030 0.4 431.80 10.98 
NADH-ubiquinone oxidoreductase Q84W12 1383.727 1.4 395.50 10.93 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 1A  Q9SFX3 1779.928 -1.0 333.40 10.91 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 1  A0A1P8AUN1 1779.928 -1.0 333.40 10.91 
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Protein STRICTOSIDINE SYNTHASE-LIKE 3  Q8VWF6 2003.982 -1.2 366.40 10.90 
Ras-related protein RABF2b Q9SN68 1041.630 -0.3 302.00 10.82 
Ras-related protein RABA4a  Q9FJN8 1057.625 0.2 368.10 10.67 
Ras-related protein RABA4c Q9FE79 1057.625 0.2 368.10 10.67 
MDIS1-interacting receptor like kinase 2  Q8VZG8 1650.870 1.5 405.50 10.64 
14-3-3-like protein GF14 mu  Q96299 1238.626 -1.5 324.00 10.59 
General regulatory factor 9 F4IP53 1238.626 -1.5 324.00 10.59 
General regulatory factor 9  F4IP55 1238.626 -1.5 324.00 10.59 
60S ribosomal protein L22-2  Q9M9W1 1166.605 1.0 325.80 10.57 
TRAF-like family protein Q9SLV3 1434.722 -1.3 365.80 10.49 
NADP-dependent malic enzyme 2  Q9LYG3 1324.715 1.2 344.00 10.49 
PTI1-like tyrosine-protein kinase 3  B9DFG5 1298.663 0.3 313.80 10.47 
Protein kinase superfamily protein  A0A1I9LM53 1298.663 0.3 313.80 10.47 
Isopentenyl-diphosphate delta-isomerase  F4K4X9 1036.579 -0.6 370.80 10.41 
Isopentenyl-diphosphate delta-isomerase  Q9FM77 1036.579 -0.6 370.80 10.41 
Secretory carrier-associated membrane protein 3  Q9M5P2 1643.843 -3.2 353.30 10.38 
Secretory carrier-associated membrane protein F4HTI7 1643.843 -3.2 353.30 10.38 
Kinesin-like protein KIN-14A Q9LX99 1242.767 -0.4 339.10 10.32 
Probable calcium-binding protein CML13  Q94AZ4 1242.767 -0.4 339.80 10.15 
Translocon-associated protein subunit beta Q94BY3 1383.742 1.2 316.60 10.07 
Transmembrane protein, putative (DUF1191) Q9C9Z6 2407.302 1.3 276.30 10.06 
Adenosine kinase 2  Q9LZG0 1799.939 -0.8 321.60 10.05 
Adenosine kinase 1 Q9SF85 1799.939 -0.8 321.60 10.05 
Adenosine kinase 2  A0A1P8BAP0 1799.939 -0.8 321.60 10.05 
Acclimation of photosynthesis to environment  Q2HIR7 2791.357 0.0 316.20 9.91 
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Adenine nucleotide alpha hydrolases-like superfamily protein Q9LSP5 1961.034 1.1 340.80 9.86 
SEC12-like protein 2  Q39221 1961.034 1.1 306.80 9.83 
UDP-glucose 6-dehydrogenase 2  Q9LIA8 1074.605 0.9 333.40 9.68 
Bifunctional enolase 2/transcriptional activator  P25696 1896.934 -1.6 363.00 9.50 
 Enolase A0A1P8B1N1 1896.934 -1.6 363.00 9.50 
ABC transporter G family member 22 Q93YS4 1044.641 0.6 410.20 9.49 
Hexokinase-3  Q9LPS1 997.640 0.8 311.30 9.47 
24-methylenesterol C-methyltransferase 2  Q39227 1689.892 -0.3 368.90 9.43 
Peptidyl-prolyl cis-trans isomerase F4IX28 1304.728 0.8 344.90 9.41 
Rotamase CYP 4  F4IX26 1304.728 0.8 344.90 9.41 
Glutathione S-transferase U19  Q9ZRW8 1845.959 1.5 392.20 9.41 
Importin subunit alpha-2  F4JL11 1293.680 -1.1 371.40 9.32 
Serine/threonine-protein kinase SRK2B  Q9C958 1660.890 0.4 230.20 9.30 
DUF21 domain-containing protein At4g14230  Q4V3C7 1969.144 0.8 382.30 9.27 
Protein disulfide-isomerase like 2-1  O22263 1214.699 0.7 362.20 9.26 
Coatomer subunit gamma  Q0WW26 1161.611 -0.5 384.80 9.20 
Syntaxin-22  P93654 942.562 0.4 304.40 9.14 
Triosephosphate isomerase P48491 1104.564 0.0 371.50 9.11 
V-type proton ATPase subunit a2  Q9SJT7 1031.548 1.0 361.40 9.10 
Serine/arginine-rich splicing factor RS41  P92966 1802.834 -1.1 364.90 9.09 
Serine hydroxymethyltransferase 4  O23254 1517.771 -4.4 329.90 9.08 
Dicarboxylate transporter 1  B3H4S6 1014.635 1.7 316.60 9.07 
60S ribosomal protein L10-1  Q93VT9 1154.726 1.2 486.80 9.06 
L-ascorbate peroxidase 3  Q42564 1106.558 1.1 300.30 9.06 
Copia-like retroelement pol polyprotein  O82209 1319.684 5.5 451.00 8.99 
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NAD(P)-linked oxidoreductase superfamily protein  Q949S6 1232.648 -0.1 403.20 8.90 
ATP synthase E chain  F4J2A7 1423.794 1.2 308.00 8.88 
ATP synthase E chain  A0A1I9LP53 1423.794 1.2 308.00 8.88 
ATP synthase E chain  A0A1I9LP56 1423.794 1.2 308.00 8.88 
ATP synthase E chain  A0A1I9LP52 1423.794 1.2 308.00 8.88 
ATP synthase E chain  Q9MAC4 1423.794 1.2 308.00 8.88 
SPFH/Band 7/PHB domain-containing membrane-associated protein family   Q93VP9 1524.806 0.4 404.10 8.88 
N-acetyl-gamma-glutamyl-phosphate reductase   A0A1P8B108 1576.869 0.2 441.00 8.66 
Serine/threonine-protein phosphatase 2A 65 kDa regulatory subunit A beta isoform Q38950 1214.649 -1.5 174.70 8.66 
T-complex protein 1 subunit theta Q94K05 1538.854 -0.8 361.90 8.57 
Putative RRM-containing protein   Q8LA96 1835.917 -0.6 307.30 8.56 
Eukaryotic translation initiation factor 3 subunit C   O49160 1019.512 2.6 341.20 8.55 
2-cysteine peroxiredoxin B   A0A1P8BD74 1485.842 1.9 540.40 8.55 
Probable inactive receptor kinase At2g26730   O48788 1608.907 0.6 557.10 8.55 
NAD(P)-binding Rossmann-fold superfamily protein   F4JSP1 1612.865 2.1 311.30 8.53 
NAD(P)-binding Rossmann-fold superfamily protein Q8GYZ0 1612.865 2.1 311.30 8.53 
ytochrome P450, family 706, subfamily A, polypeptide 6 Q66GJ1 1048.651 0.7 326.30 8.53 
Expressed protein   Q9SJH9 2078.088 2.4 447.30 8.48 
40S ribosomal protein S24-2  Q8LC83 1616.780 -0.1 496.60 8.47 
Cytochrome P450 98A3   O22203 1338.716 1.8 343.60 8.47 
Glycerate dehydrogenase HPR Q9C9W5 1173.630 -0.2 316.90 8.43 
ARATH Hydroxypyruvate reductase   A0A1P8ANC0 1173.630 -0.2 316.90 8.43 
Transmembrane protein  F4KDI6 1713.881 0.3 428.50 8.41 
Cytochrome b-c1 complex subunit 7-1   Q9SUU5 1174.622 1.1 427.40 8.41 
Syntaxin-121  Q9ZSD4 1329.701 -0.2 427.80 8.40 
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Fasciclin-like arabinogalactan protein 8   O22126 2292.176 1.3 442.20 8.39 
40S ribosomal protein S17-3  Q9SQZ1 1367.826 -0.7 423.00 8.38 
NAD(P)-binding Rossmann-fold superfamily protein Q93VH5 905.505 -0.5 306.40 8.36 
GTP-binding nuclear protein Ran-1   P41916 1015.578 1.3 311.50 8.35 
GTP-binding nuclear protein Ran-2   P41917 1015.578 1.3 311.50 8.35 
GTP-binding nuclear protein Ran-3   Q8H156 1015.578 1.3 311.50 8.35 
Alanine-tRNA ligase   Q94AZ5 1297.646 -0.8 362.70 8.27 
Transportin-1  Q8H0U4 1243.701 0.0 309.40 8.26 
Subtilisin-like protease SBT1.4  Q9LVJ1 1638.921 1.2 389.90 8.25 
ER membrane protein complex subunit 8/9 homolog   Q9FG71 1530.868 1.0 363.60 8.22 
40S ribosomal protein S25-4   Q9T029 1673.784 -1.1 313.50 8.20 
Ribosomal protein S25 family protein   B3H4B6 1673.784 -1.1 313.50 8.20 
ATP synthase protein YMF19  P93303 1386.722 0.9 387.50 8.13 
26S proteasome regulatory subunit 6A homolog A  Q9SEI2 1983.933 -2.2 314.60 8.10 
Nascent polypeptide-associated complex subunit beta   Q9CAT7 1958.034 -1.4 356.10 8.05 
Malate dehydrogenase   F4KEX3 1641.885 2.9 401.10 8.05 
Auxin transport protein BIG  Q9SRU2 1256.757 1.1 409.40 8.02 
40S ribosomal protein S20-2  Q9STY6 1318.725 0.6 418.30 7.91 
40S ribosomal protein S20-1  P49200 1318.725 0.6 418.30 7.91 
NADPH--cytochrome P450 reductase 1  Q9SB48 1760.885 -7.0 349.50 7.89 
Proteasome subunit alpha type-7-B  O24616 1101.615 -0.4 364.70 7.89 
Proteasome subunit alpha type-7-A   P30186 1101.615 -0.4 364.70 7.89 
Proteasome subunit alpha type   Q2V3Q0 1101.615 -0.4 364.70 7.89 
60S ribosomal protein L34-2  Q9FE65 1136.606 3.1 323.30 7.83 
Cellulose synthase-like protein E1 Q8VZK9 1646.911 1.3 401.50 7.80 
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40S ribosomal protein S24-1  Q9SS17 1716.867 0.6 342.00 7.79 
40S ribosomal protein S24  A0A1I9LMY7 1716.867 0.6 342.00 7.79 
Cysteine synthase C1  A0A1I9LTP2 1347.715 1.6 405.60 7.74 
Vesicle-associated membrane protein 722  P47192 1442.821 -1.5 318.70 7.69 
Synaptobrevin-related protein 1 B9DH97 1442.821 -1.5 318.70 7.69 
Beta-D-xylosidase 1 Q9FGY1 1673.922 0.7 312.40 7.63 
Uncharacterized TPR repeat-containing protein At1g05150  O23052 1381.747 3.0 342.60 7.60 
Aspartic proteinase A1  O65390 1422.752 2.2 317.40 7.57 
Aspartic proteinase A1  A0A1P8AV08 1422.752 2.2 317.40 7.57 
Pyruvate dehydrogenase E1 component subunit alpha  A0A1P8AQS2 1643.791 1.6 395.60 7.53 
Probable signal peptidase complex subunit 2  P58684 1700.801 -1.1 349.80 7.43 
Xylose isomerase  Q9FKK7 1344.737 0.7 431.00 7.43 
Thioredoxin family protein  F4JKW0 1885.925 -0.5 330.00 7.39 
 Phototropin-2  P93025 1321.736 3.1 362.50 7.29 
Phototropin 2  A8MS49 1321.736 3.1 362.50 7.29 
Cyclase-associated protein 1  O65902 998.588 0.6 317.70 7.28 
Adenylyl cyclase-associated protein  A0A1P8B7W9 998.588 0.6 317.70 7.28 
Calcium-transporting ATPase 4 Q9XES1 1058.657 0.9 316.70 7.19 
Calcium-transporting ATPase 1 P92939 1058.657 0.9 316.70 7.19 
Glucose-6-phosphate/phosphate translocator-like protein  A0A219I0W9 1126.658 -0.4 336.20 7.18 
Glucose-6-phosphate/phosphate translocator-like protein  A0A219HZH3 1126.658 -0.4 336.20 7.18 
D-ribulose-5-phosphate-3-epimerase  Q9SAU2 1661.911 3.3 448.30 7.17 
Adenylate kinase 3  Q9FK35 1071.620 -1.1 326.60 7.17 
TOM1-like protein 1  Q9LFL3 1288.646 1.0 347.30 7.13 
Target of Myb protein 1  F4KFJ2 1288.646 1.0 347.30 7.13 
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Aldehyde dehydrogenase family 3 member F1  Q70E96 1061.639 0.0 310.00 7.13 
AAA-type ATPase family protein  Q8RXI0 1004.589 -0.4 328.40 7.08 
E3 ubiquitin-protein ligase UPL1  Q8GY23 1048.615 1.0 301.60 7.06 
60S ribosomal protein L10a-2  P59230 1489.826 0.7 353.70 6.99 
26S proteasome regulatory subunit 6B homolog  Q9SEI4 992.541 -0.3 322.90 6.96 
Probable alpha,alpha-trehalose-phosphate synthase [UDP-forming] 7 Q9LMI0 1179.721 0.1 428.20 6.90 
Dihomomethionine N-hydroxylase  Q949U1 1202.638 0.0 359.60 6.88 
Heat shock 70 kDa protein 3 O65719 1295.663 1.3 349.10 6.87 
Expressed protein Q9ZUX0 1561.837 2.6 376.30 6.79 
ATP-dependent RNA helicase Q9SZV4 1019.577 0.7 366.00 6.77 
60S ribosomal protein L13-3  Q9FF90 1230.644 -0.8 326.10 6.74 
Sterol 3-beta-glucosyltransferase UGT80A2  Q9M8Z7 1497.806 -0.1 378.20 6.64 
UDP-Glycosyltransferase superfamily protein  A0A1I9LNA9 1497.806 -0.1 378.20 6.64 
Tagatose-6-phosphate ketose/aldose isomerase, putative (Mog1/PsbP/DUF1795-like 
photosystem II reaction center PsbP family protein)  A0A1P8BEU1 1365.753 1.8 370.60 6.64 
Tagatose-6-phosphate ketose/aldose isomerase, putative (Mog1/PsbP/DUF1795-like 
photosystem II reaction center PsbP family protein)  F4K4A6 1365.753 1.8 370.60 6.64 
Sucrose-phosphate synthase 1  Q94BT0 1081.673 -0.2 366.20 6.62 
Receptor-like protein kinase FERONIA  Q9SCZ4 1429.711 0.7 305.70 6.60 
Protein NRT1/ PTR FAMILY 2.10  Q944G5 1386.795 1.0 329.70 6.59 
Glutamate dehydrogenase 1  Q43314 1186.704 1.6 381.90 6.59 
Phosphoenolpyruvate carboxylase 2  Q5GM68 1283.695 -2.9 333.70 6.58 
Histone H3.3  P59169 1335.690 -0.1 341.70 6.57 
Histone superfamily protein   A8MRL0 1335.690 -0.1 341.70 6.57 
Potassium transporter 3   Q9FE38 1297.809 0.8 349.80 6.56 
14-3-3-like protein GF14 lambda P48349 1404.733 -0.3 407.00 6.56 
Serine/threonine-protein kinase BSK7  F4I3M3 994.520 0.4 317.90 6.49 
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Rubredoxin-like superfamily protein  A8MRD7 1706.838 1.8 305.40 6.40 
Calcium-transporting ATPase 2 O81108 1272.662 -1.4 368.80 6.31 
Putative calcium-transporting ATPase 7 O64806 1272.662 -1.4 368.80 6.31 
CAAX prenyl protease 1 homolog  Q8RX88 993.536 0.0 280.40 6.30 
Peptidase family M48 family protein  A0A1P8B870 993.536 0.0 280.40 6.30 
NAP1-related protein 2 Q8LC68 1273.631 0.2 456.50 6.20 
Aspartate aminotransferase  F4JTH0 1359.759 -2.1 347.20 6.20 
Aspartate aminotransferase  B9DG21 1359.759 -2.1 347.20 6.20 
NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 2  Q9FIJ2 1489.750 -4.7 317.10 6.17 
Very-long-chain (3R)-3-hydroxyacyl-CoA dehydratase PASTICCINO 2  Q8VZB2 1312.722 -0.7 314.40 6.14 
Very-long-chain (3R)-3-hydroxyacyl-CoA dehydratase  F4KGW0 1312.722 -0.7 314.40 6.14 
Reticulon-like protein B1  Q9SUR3 737.492 -0.5 339.50 6.03 
Sugar transporter ERD6-like 6  Q9FRL3 1235.663 1.0 476.00 6.00 
ADP-ribosylation factor 1  P36397 1103.613 0.5 389.00 5.99 
ADP-ribosylation factor 2-A Q9LQC8 1103.613 0.5 389.00 5.99 
ADP-ribosylation factor 2-B P0DH91 1103.613 0.5 389.00 5.99 
ADP-ribosylation factor A1E  Q9M1P5 1103.613 0.5 389.00 5.99 
ADP-ribosylation factor A1F  Q6ID97 1103.613 0.5 389.00 5.99 
Calcium-dependent protein kinase 32  Q6NLQ6 1097.631 0.7 311.00 5.93 
Calcium-dependent protein kinase 32  A0A1I9LQD4 1097.631 0.7 311.00 5.93 
Probable sucrose-phosphate synthase 2  Q9FY54 1081.673 -0.2 366.20 5.81 
Nitrate reductase [NADH] 2 P11035 1042.641 -0.2 389.70 5.76 
Ras-related protein RABA5c  P28187 1071.641 0.4 306.80 5.65 
Protein prenylyltransferase superfamily protein  Q93WC8 1000.615 -2.5 332.30 5.60 
Contains similarity to O-linked GlcNAc transferases  Q9CAU9 1000.615 -2.5 332.30 5.60 
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Cytochrome b6-f complex subunit 4  P56774 1166.653 0.4 326.00 5.58 
Cytochrome b  P42792 1044.547 -0.1 346.20 5.53 
Eukaryotic translation initiation factor 3 subunit F  O04202 1131.641 0.5 323.60 5.51 
40S ribosomal protein S19-1  Q9SGA6 1314.730 0.8 340.10 5.41 
Serine/arginine-rich SC35-like splicing factor SCL30  Q8L3X8 1189.642 4.2 322.50 5.34 
a  
the protein identified by LC/MS/MS 
b 
the accession number of protein 
c 
the computed M+H precursor mass for the peptide spectrum matches (PSMs). 
d 
the calculated mass error  in parts per million (ppm)  after correcting the observed M+H (single charged) precursor mass and the computed M+H precursor  mass (Bern et al., 
2012). 
e
 the Byonic™ score which is used for confident identifications. A score of 300 and greater is considered significant (Bern et al., 2012) 
f
 the log base 10 of the protein p-value of the PSMs. A log p-value greater or equal to one is considered significant 
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Table S2: The PM proteins that were identified by LC/MS/MS  with low scores for the LPS-immobilised  polymyxin B affinity chromatography for the control, 0 
h, 6 h, 12 h, 18h and 24 h subsequent to treatment with LPS chemotypes Xcc 8004 and Xcc 8530. The table heading descriptions are as for those described 
in Table S1.  
Protein name Accession 
number 
Calculated 
Mass 
(M+H) 
Mass 
error 
(ppm) 
Byonic™ 
score 
|log 
probability| 
Photoystem I assembly protein Ycf4  P56788 1053.573 0.1 130.20 0.90 
Elongation factor Ts, mitochondrial   Q9SZD6 958.557 0.4 81.10 0.90 
Glutamine synthetase, chloroplastic/mitochondrial   Q43127 1525.768 -0.7 16.90 1.26 
60S ribosomal protein L27-3   P51419 869.557 0.9 132.00 0.48 
Histone H2B.10  Q9FFC0 939.587 -0.1 126.60 0.72 
Histone H2B.1   Q9LQQ4 939.587 -0.1 126.60 0.72 
Histone H2B.9  Q9LZ45 939.587 -0.1 126.60 0.72 
Histone H2B.6  O23629 939.587 -0.1 126.60 0.72 
Histone H2B.3   Q9SI96 939.587 -0.1 126.60 0.72 
Histone H2B.4   Q9ZUS0 939.587 -0.1 126.60 0.72 
Histone H2B.5   Q9SF55 939.587 -0.1 126.60 0.72 
Histone H2B.11   P40283 939.587 -0.1 126.60 0.72 
Histone H2B.7   Q9LZT0 939.587 -0.1 126.60 0.72 
Photosystem II reaction center PSB28 protein, chloroplastic  Q8W0Y8 1259.699 0.1 53.00 1.28 
Photosystem II reaction center Psb28 protein   F4JM05 1259.699 0.1 53.00 1.28 
Putative MO25-like protein At4g17270   Q9M0M4 1027.615 0.2 190.50 1.28 
ATPase 11, plasma membrane-type   Q9LV11 1026.558 0.9 31.20 0.89 
ATP synthase protein YMF19  P93303 1386.722 -0.9 117.20 1.12 
Protein disulfide isomerase-like 1-2  Q9SRG3 1029.609 2.0 120.10 0.43 
T-complex protein 1 subunit alpha  P28769 987.583 -0.1 124.80 0.58 
External alternative NAD(P)H-ubiquinone oxidoreductase B1  Q1JPL4 1226.674 -1.8 128.30 0.60 
Uncharacterized protein At2g34460, chloroplastic   Q8H124 957.573 0.3 168.60 0.59 
Glucose-1-phosphate adenylyltransferase small subunit  P55228 1329.676 -0.9 46.20 0.52 
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Thylakoid ADP,ATP carrier protein, chloroplastic   Q9M024 435.271 1.7 33.70 1.03 
Peptidyl-prolyl cis-trans isomerase CYP26-2, chloroplastic  F4HTT6 1086.485 0.3 135.60 1.58 
Cyclophilin-like peptidyl-prolyl cis-trans isomerase family protein  A0A1P8APN5 1086.485 0.3 135.60 1.58 
Sorting nexin 1  Q9FG38 1110.656 0.0 146.80 1.61 
Signal recognition particle 9 kDa protein  Q9SMU7 472.349 -0.2 105.50 1.56 
Protein ACTIVITY OF BC1 COMPLEX KINASE 1, chloroplastic  Q8RWG1 963.526 0.6 68.40 1.57 
Uncharacterized protein  Q9LJ51 744.477 -0.4 252.90 1.65 
Aspartate aminotransferase, mitochondrial  P46643 1393.693 -1.9 81.40 1.58 
Transcription repressor OFP14  Q9S7T5 728.398 -1.0 232.80 1.06 
Probable prolyl 4-hydroxylase 7  Q8L970 1087.590 -0.3 110.50 0.94 
Protein C2-DOMAIN ABA-RELATED 11  Q9FIK8 954.526 0.3 130.30 1.54 
Protein ABCI7, chloroplastic  Q9LQK7 1334.681 -1.9 101.20 1.58 
Glucose-methanol-choline (GMC) oxidoreductase family protein Q93ZK1 993.562 0.1 122.90 0.96 
Beta-adaptin-like protein C  O81742 959.479 0.1 141.40 0.93 
Enoyl-[acyl-carrier-protein] reductase [NADH], chloroplastic  Q9SLA8 878.473 1.9 209.80 1.32 
Protein kinase superfamily protein  F4J0Y1 1120.600 0.6 122.00 1.55 
ATMRK1  O22100 1120.600 0.6 122.00 1.55 
NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 2  Q9FIJ2 724.508 -0.4 285.00 1.56 
Low-density receptor-like protein  F4IYH7 1272.611 0.4 120.40 1.62 
At3g02900  Q9M8T2 1272.611 0.4 120.40 1.62 
Magnesium-chelatase subunit ChlI-1, chloroplastic  P16127 1632.819 -3.8 89.80 1.48 
Clathrin light chain 1  Q9SKU1 1435.743 -1.0 126.50 1.58 
Glyoxylate/hydroxypyruvate reductase A HPR2  Q9CA90 871.536 3.7 189.40 1.43 
Copper ion binding / methyltransferase Q8GW63 1625.758 0.5 65.20 1.62 
Malate dehydrogenase [NADP], chloroplastic  Q8H1E2 989.515 -0.4 158.30 1.04 
Transcriptional activator (DUF662)  Q9LF99 751.410 -0.7 227.90 0.63 
Probable galactinol—sucrose Q9FND9 1789.963 2.1 38.60 1.60 
60S acidic ribosomal protein P0-2 Q42112 1206.673 -0.6 36.80 1.55 
60S acidic ribosomal protein P0-2 A8MQR4 1206.673 -0.6 36.80 1.55 
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Thioredoxin M1, chloroplastic  O48737 1704.819 1.7 42.10 1.18 
Uncharacterized protein At5g02240  Q94EG6 1307.648 -1.8 78.50 0.91 
ENHANCED DISEASE RESISTANCE protein (DUF1336)  A0A1P8BH65 1045.459 -2.1 70.50 0.57 
ENHANCED DISEASE RESISTANCE protein (DUF1336)  F4JYC1 1045.459 -2.1 70.50 0.57 
ENHANCED DISEASE RESISTANCE protein (DUF1336) Q8W553 1045.459 -2.1 70.50 0.57 
ENHANCED DISEASE RESISTANCE protein (DUF1336) B3H5W6 1045.459 -2.1 70.50 0.57 
Glutathione S-transferase TCHQD  O80662 1608.786 1.5 146.00 2.16 
Protein kinase superfamily protein  F4JRW3 848.463 2.6 288.40 1.23 
AT4G31170 protein  Q9M085 848.463 2.6 288.40 1.23 
ADP-ribosylation factor 1 P36397 1035.478 0.0 156.60 1.45 
ADP-riboysylation factor 2A Q9LQC8 1035.478 0.0 156.60 1.45 
ADP-riboysylation factor 2B P0DH91 1035.478 0.0 156.60 1.45 
ADP-ribosylation factor 1E Q9M1P5 1035.478 0.0 156.60 1.45 
ADP-ribosylation factor 1F Q6ID97 1035.478 0.0 156.60 1.45 
Chaperone protein dnaJ-like protein  F4K2C6 1035.478 0.0 156.60 1.45 
SH3 domain-containing protein 2  Q8VWF1 1154.653 -2.2 213.90 1.87 
Selenoprotein, Rdx type  F4KGA7 960.515 1.8 227.30 1.33 
Selenoprotein, Rdx type Q8W1E5 960.515 1.8 227.30 1.33 
Probable plastid-lipid-associated protein 10, chloroplastic  Q8W4F1 1210.654 0.6 175.00 1.92 
Tubulin/FtsZ family protein  A0A1I9LSJ8 1210.654 0.6 175.00 1.92 
Probable methyltransferase PMT20  Q9C6S7 1026.631 -0.9 250.20 2.17 
60S ribosomal protein L35-2  O80626 971.466 0.3 211.10 1.00 
Leucine-rich repeat protein kinase family protein  F4IB62 971.466 0.3 211.10 1.00 
Cysteine-rich TM module stress tolerance protein  Q8W472 971.466 0.3 211.10 1.00 
NAD(P)-binding Rossmann-fold superfamily protein Q94K30 971.466 0.3 211.10 1.00 
SH3 domain-containing protein  F4IL68 872.556 0.7 254.60 1.02 
SH3 domain-containing protein  Q84R15 872.556 0.7 254.60 1.02 
U1 small nuclear ribonucleoprotein 70 kDa  Q42404 1639.803 -4.5 160.10 2.09 
30S ribosomal protein S12, chloroplastic P62126 821.477 -0.1 247.20 1.40 
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HR-like lesion-inducing protein-like protein O23298 1039.524 1.9 218.40 1.06 
Golgin candidate 6  B0F9L4 1141.658 0.7 213.20 1.10 
AT1G22750 protein  O64379 1141.658 0.7 213.20 1.10 
Transmembrane protein  Q949W5 1141.658 0.7 213.20 1.10 
Transmembrane protein  Q7DLS5 1141.658 0.7 213.20 1.10 
ATPase  Q949M9 1141.658 0.7 213.20 1.10 
Probable plastid-lipid-associated protein 13, chloroplastic  Q8S9M1 1164.590 0.8 214.20 1.51 
Cytochrome P450 86A7  Q9CAD6 978.516 -0.1 226.80 2.03 
Vesicle-associated protein 2-2  B9DHD7 829.478 -2.1 197.00 1.87 
5-methyltetrahydropteroyltriglutamate--homocysteine methyltransferase 2  Q9SRV5 943.546 2.4 293.90 1.10 
Protein DETOXIFICATION 46, chloroplastic  Q8W4G3 1012.542 -1.3 211.70 1.05 
Proline-tRNA ligase (DUF1680)  Q9LXU4 1645.818 -1.1 114.20 1.92 
PRA1 family protein F3  Q9LIC6 1645.818 -1.1 114.20 1.92 
Lysine--tRNA ligase, cytoplasmic  Q9ZPI1 984.584 -2.1 259.30 1.79 
ARM repeat superfamily protein  A0A1P8BB34 845.488 -2.1 193.80 1.08 
ARM repeat superfamily protein  Q93ZC2 845.488 -2.1 193.80 1.08 
Phosphoinositide phospholipase C 1 Q39032 996.645 -0.5 236.20 1.01 
Probable mitochondrial adenine nucleotide transporter BTL2  Q9C9R4 1161.601 3.0 208.80 1.35 
Dihydropyrimidinase  Q9FMP3 922.515 0.4 235.20 1.57 
DNA-directed RNA polymerase III subunit 2  F4KD38 1168.705 2.8 230.80 1.95 
At1g09870/F21M12_26  Q941B2 994.495 -0.9 235.90 1.88 
Acyl-coenzyme A oxidase 4, peroxisomal  Q96329 471.293 -5.7 156.10 1.77 
ERAD-associated E3 ubiquitin-protein ligase HRD1B  Q6NPT7 1657.850 1.3 123.70 1.84 
RING/U-box superfamily protein  A0A1P8ASL9 1657.850 1.3 123.70 1.84 
RING/U-box superfamily protein  A0A1P8ASM3 1657.850 1.3 123.70 1.84 
RING/U-box superfamily protein  A0A1P8ASN3 1657.850 1.3 123.70 1.84 
RING/U-box superfamily protein  B3H675 1657.850 1.3 123.70 1.84 
RING/U-box superfamily protein  Q27GM7 1657.850 1.3 123.70 1.84 
Like COV 2  A0A1P8AQW2 1657.850 1.3 123.70 1.84 
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DEAD-box ATP-dependent RNA helicase 37  Q84W89 1614.896 -3.8 126.60 1.81 
WRKY DNA-binding protein 55  A0A1P8AZP8 1614.896 -3.8 126.60 1.81 
WRKY DNA-binding protein 55  Q4PSR2 1614.896 -3.8 126.60 1.81 
50S ribosomal protein L21, chloroplastic  P51412 979.536 0.2 173.80 1.69 
Putative ion channel POLLUX-like 1  Q8VZM7 780.498 -0.3 83.30 1.71 
Beta-glucosidase 40  Q9FZE0 1362.763 0.0 69.10 1.70 
NADP-dependent malic enzyme 2  Q9LYG3 1324.715 2.4 178.40 1.70 
Small nuclear ribonucleoprotein-associated protein  Q9SUN5 884.593 0.8 195.80 1.76 
Small nuclear ribonucleoprotein-associated protein  Q9FI15 884.593 0.8 195.80 1.76 
60S ribosomal protein L27-3 P51419 869.557 -0.2 168.30 1.69 
60S ribosomal protein L27-2  Q8LCL3 869.557 -0.2 168.30 1.69 
Ribosomal L27e protein family A8MS28 869.557 -0.2 168.30 1.69 
Geranylgeranyl pyrophosphate synthase 6, mitochondrial  O22043 1069.571 -2.7 128.10 1.09 
F-box protein At5g03100  Q501G5 815.462 0.0 306.70 1.71 
S-adenosylmethionine synthase 3  Q9SJL8 1453.755 0.6 18.90 1.01 
6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase  Q9MB58 1433.750 0.5 12.00 1.02 
UDP-glucuronic acid decarboxylase 2  Q9LZI2 1203.684 -0.6 141.70 1.74 
UDP-glucuronic acid decarboxylase 4  Q8S8T4 1203.684 -0.6 141.70 1.74 
NADH-cytochrome b5 reductase-like protein  P83291 968.545 0.5 57.30 1.21 
Thylakoid ADP,ATP carrier protein, chloroplastic  Q9M024 1725.965 -2.0 58.10 1.69 
60S ribosomal protein L36-3   Q9LZ57 869.557 -0.2 275.20 0.75 
Callose synthase 9   Q9SFU6 1403.753 0.2 46.70 1.70 
ADP-ribosylation factor-like protein 8b   Q93Y31 1122.535 -0.7 74.00 0.80 
Protein C2-DOMAIN ABA-RELATED 11   Q9FIK8 1007.541 -1.3 74.50 0.80 
Patched family protein   F4JTN1 1118.661 -0.1 82.10 1.20 
Patched family protein   F4JTN0 1118.661 -0.1 82.10 1.20 
Phototropin-2   P93025 968.568 0.6 87.60 0.74 
Phototropin 2   A8MS49 968.568 0.6 87.60 0.74 
External alternative NAD(P)H-ubiquinone oxidoreductase B1, mitochondrial  Q1JPL4 1226.674 -2.1 155.50 1.09 
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Isopentenyl-diphosphate delta-isomerase   F4K4X9 947.531 0.9 172.10 0.89 
Isopentenyl-diphosphate delta-isomerase   Q9FM77 947.531 0.9 172.10 0.89 
Phospholipase D delta   Q9C5Y0 1586.809 -1.9 39.50 0.86 
Phospholipase D   F4JNU6 1586.809 -1.9 39.50 0.86 
ZPR1 zinc-finger domain protein   F4K746 1222.631 -0.8 100.90 1.31 
ZPR1 zinc-finger domain protein   F4K9W6 1222.631 -0.8 100.90 1.31 
ZPR1 zinc-finger domain protein   A0A1P8BED3 1222.631 -0.8 100.90 1.31 
ZPR1 zinc-finger domain protein A4VCM4 1222.631 -0.8 100.90 1.31 
Nascent polypeptide-associated complex subunit alpha-like protein 1   Q9LHG9 1484.727 -1.0 26.80 0.90 
Nascent polypeptide-associated complex subunit alpha-like protein 3   Q6ICZ8 1484.727 -1.0 26.80 0.90 
Pheophorbide a oxygenase, chloroplastic   Q9FYC2 752.445 -1.4 56.80 0.77 
RNA-binding protein CP33, chloroplastic  Q39061 957.515 0.5 65.30 1.08 
Serine--glyoxylate aminotransferase  Q56YA5 945.562 1.9 157.10 0.69 
Dynamin-related protein 1A  P42697 1116.662 0.1 84.60 1.30 
Dynamin-like protein  F4K015 1116.662 0.1 84.60 1.30 
Aspartate aminotransferase, cytoplasmic isozyme 1  P46645 1203.648 5.4 132.30 0.86 
Galactolipid galactosyltransferase SFR2, chloroplastic  Q93Y07 876.494 -0.4 217.90 0.94 
60S ribosomal protein L6-2  Q9C9C6 969.562 1.0 88.10 0.82 
60S ribosomal protein L6-3  Q9C9C5 969.562 1.0 88.10 0.82 
Phosphoenolpyruvate carboxykinase (ATP)  Q9T074 1587.906 2.5 42.30 1.50 
Chlorophyll a-b binding protein, chloroplastic  Q39142 1749.819 -1.2 57.00 1.16 
Thylakoid ADP,ATP carrier protein, chloroplastic   Q9M024 1248.695 1.2 70.40 1.46 
Protein RETICULATA, chloroplastic   B9DFK5 947.520 -0.7 83.70 0.98 
Probable inactive receptor kinase At5g16590   Q9FMD7 1498.811 -2.4 72.20 0.75 
Uncharacterized protein At3g06530   Q9C8Z4 793.445 -2.0 78.20 1.42 
ARM repeat superfamily protein   F4JAY1 793.445 -2.0 78.20 1.42 
ARM repeat superfamily protein   A0A1I9LP29 793.445 -2.0 78.20 1.42 
ARM repeat superfamily protein   F4JAY0 793.445 -2.0 78.20 1.42 
ARM repeat superfamily protein   A0A1I9LP28 793.445 -2.0 78.20 1.42 
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Serine protease SPPA, chloroplastic   Q9C9C0 357.250 -0.6 59.90 1.16 
60S ribosomal protein L35a-1  Q9LMK0 903.493 -0.3 206.00 1.27 
60S ribosomal protein L35a-3   Q9C912 903.493 -0.3 206.00 1.27 
Cytochrome P450 83B1   O65782 1101.651 1.6 133.50 1.10 
Villin-3   O81645 1101.590 0.9 142.50 1.10 
Villin 3   A0A1I9LLV6 1101.590 0.9 142.50 1.10 
Villin 3   A0A1I9LLW3 1101.590 0.9 142.50 1.10 
Protein FLUORESCENT IN BLUE LIGHT, chloroplastic  Q940U6 785.463 -0.2 153.80 1.18 
Tetratricopeptide repeat (TPR)-like superfamily protein   F4JFR2 785.463 -0.2 153.80 1.18 
Tetratricopeptide repeat (TPR)-like superfamily protein   F4JFR1 785.463 -0.2 153.80 1.18 
Protein ROOT HAIR DEFECTIVE 3   P93042 1211.573 0.3 155.70 0.83 
Eukaryotic translation initiation factor 3 subunit B   Q9C5Z1 991.510 4.0 124.30 0.75 
Thylakoid lumenal 16.5 kDa protein, chloroplastic   O22773 893.509 -0.4 200.20 0.71 
Chloroplast thylakoid lumen protein A0A1P8B5G9 893.509 -0.4 200.20 0.71 
Chloroplast thylakoid lumen protein  A0A1P8B5H3 893.509 -0.4 200.20 0.71 
60S ribosomal protein L15-2  Q8VYF1 827.473 -0.4 253.90 1.16 
60S ribosomal protein L15-1   O23515 827.473 -0.4 253.90 1.16 
Protein SUPPRESSOR OF QUENCHING 1, chloroplastic   Q8VZ10 1017.532 0.5 112.80 0.70 
Protein TOC75-3, chloroplastic   Q9STE8 1017.532 0.5 112.80 0.74 
PLC-like phosphodiesterases superfamily protein   F4JQJ7 845.524 0.1 167.80 0.71 
3-ketoacyl-CoA thiolase 2, peroxisomal   Q56WD9 957.588 0.1 61.70 0.71 
T31J12.3 protein   Q9ZPZ4 775.431 -1.3 128.90 0.73 
Chlorophyll a-b binding protein, chloroplastic   Q39142 1749.819 -1.2 212.20 3.41 
Serine--tRNA ligase, cytoplasmic   Q39230 1362.752 1.5 265.80 4.35 
Cytochrome b   P42792 1044.547 -0.2 308.60 5.29 
Emb|CAB81845.1 Q9FM48 1348.784 1.0 243.00 5.24 
Fructose-bisphosphate aldolase 6, cytosolic   Q9SJQ9 1600.840 -0.3 267.20 4.87 
Eukaryotic translation initiation factor 3 subunit L   F4JY76 1566.747 -1.4 224.50 4.73 
Outer envelope pore protein 24B, chloroplastic   Q8H0Y1 1095.522 0.6 274.60 4.12 
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Ras-related protein RABC1   O23657 1438.736 0.5 240.90 4.19 
ATP synthase subunit c, chloroplastic   P56760 3717.996 -0.2 239.70 5.26 
GrpE protein homolog   Q94K56 1084.506 1.1 297.90 3.21 
GrpE protein homolog   Q9XQC7 1084.506 1.1 297.90 3.21 
Nuclear transport factor 2 (NTF2) family protein  Q9FMC7 1090.589 1.6 290.50 4.40 
50S ribosomal protein L29, chloroplastic  Q9FJP3 2394.222 2.6 118.30 2.71 
Cell division protein FtsZ homolog 2-2, chloroplastic  Q9LXJ0 1044.547 -1.6 234.70 2.64 
Tubulin/FtsZ family protein  A0A1I9LSJ8 1044.547 -1.6 234.70 2.64 
Sulfoquinovosyl transferase SQD2  Q8S4F6 1384.754 1.0 174.90 2.97 
Tetratricopeptide repeat (TPR)-like superfamily protein  F4IBX4 902.494 -2.3 270.70 3.35 
Tetratricopeptide repeat (TPR)-like superfamily protein  F4IBX5 902.494 -2.3 270.70 3.35 
Tetratricopeptide repeat (TPR)-like superfamily protein Q8GWV1 902.494 -2.3 270.70 3.35 
Pleckstrin homology (PH) domain-containing protein  F4JNE4 1075.589 -1.7 218.80 2.28 
Pleckstrin homology (PH) domain-containing protein  F4JNE3 1075.589 -1.7 218.80 2.28 
Pleckstrin homology (PH) domain-containing protein  F4JNE2 1075.589 -1.7 218.80 2.28 
Plant/protein, putative (DUF3411) Q93W02 1157.566 1.7 291.60 3.86 
Eukaryotic translation initiation factor 3 subunit B  Q8GUM1 954.598 0.2 60.60 1.07 
S-adenosylmethionine carrier 1, chloroplastic/mitochondrial  Q94AG6 771.461 -1.1 88.80 0.93 
ATP-dependent Clp protease proteolytic subunit 5, chloroplastic  Q9S834 836.426 -0.2 81.10 1.02 
Succinate dehydrogenase [ubiquinone] flavoprotein subunit 1, mitochondrial  O82663 1126.553 1.6 41.80 1.02 
Photosystem II 10 kDa polypeptide, chloroplastic  P27202 776.353 -0.8 71.80 1.06 
MICOS complex subunit Q9ASV5 1400.800 2.0 42.20 1.01 
60S ribosomal protein L8-3  Q42064 699.451 -1.0 224.20 1.14 
Zn-dependent exopeptidases superfamily protein  A0A1P8BHB9 990.598 -0.1 40.80 0.83 
Zn-dependent exopeptidases superfamily protein  A0A1P8BHD0 990.598 -0.1 40.80 0.83 
24 kDa vacuolar protein-like  Q0WVZ7 990.598 -0.1 40.80 0.83 
Zn-dependent exopeptidases superfamily protein  Q8LCY8 990.598 -0.1 40.80 0.83 
Probable plastid-lipid-associated protein 13, chloroplastic  Q8S9M1 1105.600 -2.2 160.30 1.08 
Plastid-lipid associated protein PAP / fibrillin family protein  A8MRU9 1105.600 -2.2 160.30 1.08 
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Plastid-lipid associated protein PAP / fibrillin family protein  F4IM05 1105.600 -2.2 160.30 1.08 
Protochlorophyllide-dependent translocon component 52, chloroplastic  Q8W496 932.535 -0.1 133.50 1.06 
Cytochrome P450 71B23  Q9LTM0 1087.506 -0.9 87.60 1.08 
Presequence protease 1  Q9LJL3 1485.722 4.9 61.30 0.94 
Presequence protease 2 Q8VY06 1485.722 4.9 61.30 0.94 
Presequence protease 2  A0A1P8AMU8 1485.722 4.9 61.30 0.94 
Presequence protease 2  A0A1P8AMX1 1485.722 4.9 61.30 0.94 
60S ribosomal protein L35a-1  Q9LMK0 751.435 -0.8 217.20 0.84 
60S ribosomal protein L35a-3  Q9C912 751.435 -0.8 217.20 0.84 
Phospho-2-dehydro-3-deoxyheptonate aldolase 2, chloroplastic  Q00218 882.541 0.3 137.40 1.13 
Elongation factor G, chloroplastic  Q9SI75 824.441 -0.7 111.10 1.08 
30S ribosomal protein S10, chloroplastic  Q9LK61 1056.576 1.5 87.30 1.07 
Nitrilase 1  P32961 880.477 -0.4 159.50 1.07 
Monodehydroascorbate reductase 4, peroxisomal  Q9LK94 1292.616 -1.9 14.50 0.87 
ATP sulfurylase 4, chloroplastic  Q9S7D8 844.529 -0.9 100.50 0.86 
Receptor like protein 54   F4KHA2 716.430 -0.4 224.70 1.10 
Phosphatidate cytidylyltransferase 1   O04928 1197.659 -2.1 157.70 2.19 
Bifunctional UDP-glucose 4-epimerase and UDP-xylose 4-epimerase 1  Q42605 990.562 0.6 348.70 3.51 
Cytochrome-c oxidase/ electron carrier   A8MSE0 891.505 -0.3 355.80 4.05 
Cytochrome-c oxidase/ electron carrier Q944S8 891.505 -0.3 355.80 4.05 
Ankyrin repeat family protein   Q8GXW8 1078.698 -1.1 286.80 4.12 
Myosin heavy chain-like protein   F4JRY9 1032.521 1.1 228.60 2.81 
Myosin heavy chain-like protein Q8GUN1 1032.521 1.1 228.60 2.81 
Cytochrome B5 isoform D  Q9ZWT2 2116.015 -1.3 172.40 3.77 
Pyridoxal 5'-phosphate synthase subunit PDX1.3   Q8L940 1073.602 -1.6 183.70 2.19 
Copia-like retroelement pol polyprotein   O82209 1073.602 -1.6 183.50 2.94 
Arginine--tRNA ligase, chloroplastic/mitochondrial   O23247 1046.511 1.3 228.60 3.78 
Arginyl-tRNA synthetase, class Ic   A0A1P8B7W5 1046.511 1.3 228.60 3.78 
Arginyl-tRNA synthetase, class Ic  A0A1P8B7W8 1046.511 1.3 228.60 3.78 
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Arginyl-tRNA synthetase, class Ic   A0A1P8B7W2 1046.511 1.3 228.60 3.78 
Arginyl-tRNA synthetase   Q7DLG4 1046.511 1.3 228.60 3.78 
Prohibitin-4, mitochondrial   Q9LK25 2340.183 -0.6 145.10 3.35 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit DAD1  Q39080 864.421 -0.8 192.60 2.40 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit DAD1  A0A1P8AMW1 864.421 -0.8 192.60 2.40 
Chlorophyll(ide) b reductase NOL, chloroplastic  Q8LEU3 828.425 1.8 167.10 1.66 
Tubulin beta-4 chain  P24636 1299.622 -1.5 363.40 3.69 
Eukaryotic translation initiation factor 3 subunit E  Q9C5Z3 1899.949 -0.7 174.90 3.91 
Isocitrate dehydrogenase [NAD] catalytic subunit 6, mitochondrial  Q8LG77 816.494 -0.8 206.20 3.49 
4-alpha-glucanotransferase DPE2 OS Q8RXD9 877.478 -0.5 204.60 2.94 
Eukaryotic aspartyl protease family protein  F4K5B9 1659.954 1.1 108.20 3.49 
Protein disulfide isomerase-like 1-6  Q66GQ3 844.529 0.6 255.50 2.06 
Adenine nucleotide transporter BT1, chloroplastic/mitochondrial  Q9SUV1 1100.642 -1.2 264.90 3.70 
PTI1-like tyrosine-protein kinase 2  O49339 729.425 1.3 210.00 1.99 
Calnexin homolog 2  Q38798 1826.953 2.4 140.80 3.85 
Protein OSCA1  Q9XEA1 1020.547 0.0 276.40 3.82 
Lectin-like protein  Q9LZF5 1157.678 -0.2 220.90 2.84 
NAD(P)H-quinone oxidoreductase subunit K, chloroplastic  P56756 704.409 3.4 270.00 2.81 
Lecithin-cholesterol acyltransferase-like 1  Q9FZI8 1148.631 0.6 291.40 3.79 
Sorting nexin 1  Q9FG38 1018.568 -0.5 226.20 3.41 
Peroxisomal fatty acid beta-oxidation multifunctional protein MFP2  Q9ZPI5 862.478 -1.3 259.00 2.13 
Light-harvesting complex-like protein OHP2, chloroplastic  Q9FEC1 1721.901 0.1 136.70 2.81 
Bifunctional L-3-cyanoalanine synthase/cysteine synthase D2  Q9SXS7 557.402 2.3 232.40 2.78 
Probable voltage-gated potassium channel subunit beta  O23016 916.510 0.2 236.80 2.27 
Sulfite oxidase  Q9S850 966.609 -0.7 170.00 2.23 
40S ribosomal protein S6-1  O48549 916.452 0.1 223.40 2.40 
ATP-dependent Clp protease proteolytic subunit-related protein 3, chloroplastic  Q8L770 1029.619 0.4 298.10 3.56 
NAD kinase 2, chloroplastic  Q9C5W3 1252.762 0.1 218.60 3.72 
NAD kinase 2  F4HY34 1252.762 0.1 218.60 3.72 
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ABC transporter F family member 4  Q9M1H3 1543.833 0.1 140.70 2.81 
WAS/WASL-interacting family protein  B3H4C4 1442.846 0.7 146.90 3.14 
WAS/WASL-interacting family protein  F4HYQ1 1442.846 0.7 146.90 3.14 
Very-long-chain (3R)-3-hydroxyacyl-CoA dehydratase PASTICCINO 2  Q8VZB2 1312.722 -1.1 165.90 1.76 
Very-long-chain (3R)-3-hydroxyacyl-CoA dehydratase  F4KGW0 1312.722 -1.1 165.90 1.76 
Cystine lyase CORI3  Q9SUR6 1389.737 1.4 124.30 1.05 
Tyrosine transaminase family protein  F4JP99 1389.737 1.4 124.30 1.05 
Ankyrin repeat 30A-like protein (DUF662)  Q8RXZ8 729.462 -0.6 232.20 0.97 
30S ribosomal protein S17, chloroplastic  P16180 872.520 -0.4 289.90 1.21 
Protein transport protein Sec24-like At3g07100  Q9SFU0 847.504 0.7 182.50 0.63 
Protein kinase superfamily protein  F4J0Y1 848.463 0.6 278.50 1.08 
ATMRK1  O22100 848.463 0.6 278.50 1.08 
Methionine S-methyltransferase  Q9LTB2 1154.657 -0.8 105.60 1.49 
Eukaryotic initiation factor 4A-III homolog  Q94A52 1226.710 0.2 199.80 1.70 
Proteasome subunit alpha type-4-A  O81148 929.530 0.7 186.90 0.93 
Mannose-1-phosphate guanylyltransferase 1  O22287 837.447 0.8 194.50 1.06 
Calcium-dependent lipid-binding (CaLB domain) family protein  A8MRW6 1267.657 1.6 171.50 1.37 
Tripeptidyl-peptidase 2  F4JVN6 993.671 0.3 189.40 1.54 
Late embryogenesis abundant (LEA) hydroxyproline-rich glycoprotein family  Q9SVC8 899.462 -0.1 221.90 0.96 
26S proteasome non-ATPase regulatory subunit 4 homolog  P55034 1044.645 0.6 224.40 1.28 
LOW PSII ACCUMULATION-like protein  F4JM22 858.504 -0.4 239.10 0.96 
Dihomomethionine N-hydroxylase  Q949U1 1220.591 0.1 173.20 1.09 
UDP-glucose:glycoprotein glucosyltransferase  Q0WL80 967.521 -0.2 217.30 1.74 
EMS-MUTAGENIZED BRI1 SUPPRESSOR 1  A0A1P8AVX3 967.521 -0.2 217.30 1.74 
60S ribosomal protein L35-1  Q9SF53 785.488 -1.1 225.10 1.17 
Serine/arginine-rich-splicing factor SR34  O22315 1932.960 -2.9 210.50 1.80 
Translin family protein  F4IPY6 1932.960 -2.9 210.50 1.80 
Translin family protein  F4IPY5 1932.960 -2.9 210.50 1.80 
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Probable inactive receptor kinase RLK902  Q9LVI6 1841.892 -3.3 164.30 1.80 
Pyridoxal 5'-phosphate synthase subunit PDX1.3  Q8L940 1447.605 -1.8 189.80 1.38 
2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein  F4JT13 1447.605 -1.8 189.80 1.38 
Putative DUF21 domain-containing protein At3g13070, chloroplastic  Q9LK65 942.537 -2.9 226.70 1.01 
(3R)-hydroxymyristoyl-[acyl carrier protein] dehydratase-like protein  Q9LX13 1420.805 -1.6 168.00 1.50 
3-phosphoshikimate 1-carboxyvinyltransferase  A0A1P8B1E5 1420.805 -1.6 168.00 1.50 
RNA 3'-terminal phosphate cyclase/enolpyruvate transferase, alpha/beta  F4I035 1420.805 -1.6 168.00 1.50 
3-phosphoshikimate 1-carboxyvinyltransferase  Q9FVP6 1420.805 -1.6 168.00 1.50 
Guanosine nucleotide diphosphate dissociation inhibitor 1  Q96254 1269.647 -3.7 197.40 0.95 
Aspartate aminotransferase, cytoplasmic isozyme 1  P46645 1454.821 -0.5 214.00 0.91 
Probable glutathione peroxidase 5  Q9LYB4 1293.705 -0.2 197.70 1.28 
Glutathione S-transferase T2  Q8L727 826.478 -1.1 278.20 1.67 
V-type proton ATPase subunit E3  P0CAN7 734.420 -0.1 260.00 1.23 
Vacuolar H+-ATPase subunit E isoform 3  A0A1P8ANX8 734.420 -0.1 260.00 1.23 
AP-2 complex subunit alpha-2  Q8LPK4 734.420 -0.1 260.00 1.23 
4-hydroxy-3-methylbut-2-en-1-yl diphosphate synthase (ferredoxin)  F4K0E8 1534.811 0.5 99.50 1.47 
RuvB-like protein 1   Q9FMR9 1231.679 0.0 149.70 1.47 
3-oxo-5-alpha-steroid 4-dehydrogenase family protein  Q9LFS3 753.389 -0.9 179.40 1.48 
MA3 domain-containing protein   Q94BR1 702.440 -0.1 189.20 1.55 
 Methionine S-methyltransferase   Q9LTB2 963.526 -1.1 170.50 1.06 
Protein Ycf2  P56786 1032.568 0.1 180.200 0.88 
BTB/POZ domain-containing protein At5g48130  Q9LUB9 755.514 -1.5 297.30 1.47 
Tripeptidyl-peptidase 2   F4JVN6 1238.605 1.3 114.10 1.32 
Ubiquitin carboxyl-terminal hydrolase 6  Q949Y0 1025.578 0.3 217.20 1.45 
Ubiquitin-specific protease 6   B3H5V4 1025.578 0.3 217.20 1.45 
40S ribosomal protein S7-2   Q9M885 920.520 -0.5 179.90 0.85 
Chromosome-associated kinesin  Q84K90 1193.619 0.1 186.20 1.51 
YlmG homolog protein 1-2, chloroplastic   Q9SUE0 1451.772 -8.1 45.60 1.41 
Sodium/pyruvate cotransporter BASS2, chloroplastic   Q1EBV7 1017.464 -0.3 177.20 1.28 
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NAD-dependent malic enzyme 2, mitochondrial   Q8L7K9 1327.794 -0.1 101.10 1.48 
Glucan endo-1,3-beta-glucosidase 8   Q6NKW9 1276.653 -1.3 123.50 1.40 
Translation initiation factor IF3-2, chloroplastic   O82234 941.578 -0.3 227.30 1.45 
Translation initiation factor IF3-4, chloroplastic  Q94B52 941.578 -0.3 227.30 1.45 
Rhodanese-like domain-containing protein 11  Q0WWT7 1151.544 0.5 173.20 1.28 
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Figure S7: The elution profile of the binding and desorption events between the LPS-immobilized to 
the EndoTrap® resin and the interacting PM-associated candidate proteins from A. thaliana for A) 0 h, 
B) 12 h, C) 18 h, D) 24 h following treatment with i) LPS chemotype Xcc 8004 and ii) LPS chemotype 
Xcc 8530. The orange curve represents the absorbance of the flow-through (non-bound proteins) 
fractions eluted with 10 mM Tris-HCl, and the blue curve represents the absorbance of the PM-
associated LPS-interacting proteins desorbed from the column with the EndoTrap® HD equilibration 
buffer (EQ). E) Represents EndoTrap® resin (no LPS immobilization) interaction with proteins for the 
non-specific binding control and were not considered to be interacting proteins. 
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Table S3: The PM proteins that interacted with the EndoTrap® HD affinity chromatography resin (no LPS immobilized) and identified by LC/MS/MS 
considered as the control. The table heading descriptions are as for those described in Table S1. These were not considered as LPS-interacting proteins. 
 
Protein Accession 
number 
Calculated 
Mass 
(M+H) 
Mass 
error 
(ppm) 
Byonic™ 
score 
|log 
probability| 
ATP synthase subunit beta P19366 1433.775 1.6 370.80 3.74 
Ribulose bisphosphate carboxylase large chain  O03042 1465.755 0.1 494.90 4.19 
ATP synthase subunit alpha P56757 1252.701 -2.2 406.50 4.00 
 
Table S4: The PM proteins that were identified by LC/MS/MS interacting with the LPS for EndoTrap
®
 HD affinity chromatography with low scores for the for 
the control, 0 h, 6 h, 12 h, 18h and 24 h subsequent to treatment with LPS chemotypes Xcc 8004 and Xcc 8530. The table heading descriptions are as for 
those described in Table S1. 
 
Protein name Accession 
number 
calculated 
Mass 
(M+H) 
Mass 
error 
(ppm) 
Byonic™ 
score 
|log 
probability| 
ATP synthase protein MI25  Q04613 1146.648 -0.5 132.80 1.48 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase 48 kDa subunit  Q944K2 1406.764 -0.7 148.60 1.47 
40S ribosomal protein S16-3 Q42340 884.520 -0.1 177.30 1.44 
40S ribosomal protein S16-2  Q9M8X9 884.520 -0.1 177.30 1.44 
Ribosomal protein S5 domain 2-like superfamily protein A8MRX2 884.520 -0.1 177.30 1.44 
Protein TOC75-3, chloroplastic  Q9STE8 1065.532 0.5 66.20 1.39 
Mitochondrial dicarboxylate/tricarboxylate transporter DTC  Q9C5M0 984.479 -1.2 160.10 1.39 
Temperature-induced lipocalin-1 Q9FGT8 971.483 0.4 179.70 1.37 
S-adenosylmethionine synthase 4  Q9LUT2 873.515 0.4 159.40 1.36 
Glycerol-3-phosphate 2-O-acyltransferase 4  Q9LMM0 1255.632 0.3 124.60 1.32 
Rhodanese-like domain-containing protein 4, chloroplastic  Q9M158 1526.800 1.5 83.00 1.30 
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Thylakoid rhodanese-like protein  A0A1P8B8J7 1526.800 1.5 83.00 1.30 
Exocyst complex component SEC5A  Q8S3U9 1185.684 1.4 127.40 1.10 
Translocon-associated protein subunit alpha P45434 747.418 -0.9 38.60 1.08 
Translocon-associated protein (TRAP), alpha subunit  F4IGI4 747.418 -0.9 38.60 1.08 
Heat shock 70 kDa protein 3  O65719 1374.611 2.4 37.60 1.06 
Pyruvate dehydrogenase E1 component subunit beta-1, mitochondrial  Q38799 1191.600 -1.0 18.10 1.06 
Ribulose bisphosphate carboxylase small chain 1B, chloroplastic  P10796 907.488 -0.3 214.10 0.67 
Ribulose bisphosphate carboxylase small chain 3B, chloroplastic  P10798 907.488 -0.3 214.10 0.67 
Ribulose bisphosphate carboxylase small chain B3H5S2 907.488 -0.3 214.10 0.67 
Ribulose bisphosphate carboxylase small chain  F4KA76 907.488 -0.3 214.10 0.67 
Mitochondrial carnitine/acylcarnitine carrier-like protein Q93XM7 908.499 -0.1 72.30 0.64 
Adenosylhomocysteinase 2  Q9LK36 921.471 -1.0 56.80 0.64 
Adenosylhomocysteinase 1  O23255 921.471 -1.0 56.80 0.64 
S-adenosyl-L-homocysteine hydrolase  F4JTV5 921.471 -1.0 56.80 0.64 
Adenosylhomocysteinase  F4JTV4 921.471 -1.0 56.80 0.64 
Probable mitochondrial-processing peptidase subunit beta, mitochondrial  Q42290 1022.515 0.6 73.80 0.63 
TRAF-like family protein Q9LHA6 936.519 0.0 51.50 0.62 
Coatomer subunit gamma  Q0WW26 1199.736 0.2 56.80 0.61 
40S ribosomal protein S9-1  Q9LXG1 906.504 0.3 163.90 0.52 
Glyceraldehyde-3-phosphate dehydrogenase GAPA2, chloroplastic Q9LPW0 1780.021 0.8 105.60 1.14 
Glyceraldehyde 3-phosphate dehydrogenase A subunit 2  F4HNZ6 1780.021 0.8 105.60 0.90 
Glyceraldehyde-3-phosphate dehydrogenase  A0A1P8APR6 1780.021 0.8 105.60 0.90 
Calponin-like domain protein  F4HWC3 1780.021 0.8 51.60 0.70 
Ribulose bisphosphate carboxylase small chain 1B  P10796 935.495 -0.5 120.80 0.24 
Ribulose bisphosphate carboxylase small chain 3B  P10798 935.495 -0.5 120.80 0.24 
Ribulose bisphosphate carboxylase small chain 2B  P10797 935.495 -0.5 120.80 0.24 
Ribulose bisphosphate carboxylase small chain  B3H5S2 935.495 -0.5 120.80 0.24 
Ribulose bisphosphate carboxylase small chain  F4KA76 935.495 -0.5 120.80 0.24 
Oxygen-evolving enhancer protein 3-2 Q41932 1563.817 -4.3 115.20 0.92 
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Beta-D-glucopyranosyl abscisate beta-glucosidase  Q9SE50 951.453 -0.6 102.90 0.46 
Photosystem II CP43 reaction center protein  P56778 736.378 -0.1 91 0.87 
Ribulose bisphosphate carboxylase/oxygenase activase P10896 1152.714 0.5 71.60 0.87 
Rubisco activase  F4IVZ7 1152.714 0.5 71.60 0.87 
Ribulose bisphosphate carboxylase small chain 1B P10796 1152.714 0.5 71.60 0.87 
Ribulose bisphosphate carboxylase small chain 3B P10798 1152.714 0.5 71.60 0.87 
Ribulose bisphosphate carboxylase small chain 2B P10797 1152.714 0.5 71.60 0.87 
Ribulose bisphosphate carboxylase small chain  B3H5S2 1152.714 0.5 71.60 0.87 
Ribulose bisphosphate carboxylase small chain  F4KA76 1152.714 0.5 71.60 0.87 
Emb|CAB71880.1 Q9FGG2 1152.714 0.5 71.60 0.87 
Arginase 2, chloroplastic/mitochondrial  Q9ZPF5 1152.714 0.5 71.60 0.87 
Arginase/deacetylase superfamily protein B9DFC0 1152.714 0.5 71.60 0.87 
40S ribosomal protein Sa-2  Q8H173 1152.714 0.5 71.60 0.87 
40S ribosomal protein SA  F4J4W3 1152.714 0.5 71.60 0.87 
40S ribosomal protein SA  B9DG17 1152.714 0.5 71.60 0.87 
Histone H4  A8MRV1 1152.714 0.5 71.60 0.87 
Protein FAR1-RELATED SEQUENCE 12  Q3E7I5 989.578 -1.4 88.90 0.33 
Core-2/I-branching beta-1,6-N-acetylglucosaminyltransferase family protein  A0A1P8AWU1 1077.599 -5.4 56.40 0.32 
Core-2/I-branching beta-1,6-N-acetylglucosaminyltransferase family protein Q6DST3 1077.599 -5.4 56.40 0.32 
Phospholipase A I  F4HX15 1189.646 3.5 78.50 0.29 
Phospholipase A I-like protein  F4HX14 1189.646 3.5 78.50 0.29 
Phospholipase A I-like protein  A0A2H1ZEE 1189.646 3.5 78.50 0.29 
Glyceraldehyde-3-phosphate dehydrogenase GAPC1, P25858 1498.848 1.5 166.90 0.88 
Glyceraldehyde-3-phosphate dehydrogenase GAPC2 Q9FX54 1498.848 1.5 166.90 0.88 
Glyceraldehyde-3-phosphate dehydrogenase C2  F4HQT1 1498.848 1.5 166.90 0.88 
Glycerophosphodiester phosphodiesterase GDPDL1  Q7Y208 1350.742 -0.2 154.40 0.86 
SHV3-like 2   F4HQ30 1350.742 -0.2 154.40 0.86 
SHV3-like 2   A0A1P8AQY3 1350.742 -0.2 154.40 0.86 
Gamma-tubulin complex component   A0A1P8AUZ0 1350.742 -0.2 154.40 0.86 
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Gamma-tubulin complex component   A0A1P8AUV6 1350.742 -0.2 154.40 0.86 
Gamma-tubulin complex component   A0A1P8AUZ6 1350.742 -0.2 154.40 0.86 
Histone H4   P59259 1180.621 -0.4 242.80 0.81 
Proteasome subunit alpha type-7-B  O24616 1648.879 0.0 165.30 0.68 
Proteasome subunit alpha type-7-A  P30186 1648.879 0.0 165.30 0.68 
Proteasome subunit alpha type  Q2V3Q0 1648.879 0.0 165.30 0.68 
60S ribosomal protein L23a-1  Q8LD46 1648.879 0.0 165.30 0.68 
Ribosomal protein L23AB  A8MS83 1648.879 0.0 165.30 0.68 
V-type proton ATPase subunit c1  P0DH92 1648.879 0.0 165.30 0.68 
V-type proton ATPase subunit c3  P0DH93 1648.879 0.0 165.30 0.68 
V-type proton ATPase subunit c2  P59228 1648.879 0.0 165.30 0.68 
V-type proton ATPase subunit c5  P0DH94 1648.879 0.0 165.30 0.68 
V-type proton ATPase proteolipid subunit  A0A1P8B7X4 1648.879 0.0 165.30 0.68 
V-type proton ATPase proteolipid subunit  A0A1P8AQP0 1648.879 0.0 165.30 0.68 
V-type proton ATPase proteolipid subunit  A0A1P8B937 1648.879 0.0 165.30 0.68 
V-type proton ATPase proteolipid subunit  F4HZ57 1648.879 0.0 165.30 0.68 
Dicarboxylate transporter 1  B3H4S6 1648.879 0.0 165.30 0.68 
Oxygen-evolving enhancer protein 1-1, chloroplastic  P23321 1351.606 1.4 162.00 0.63 
Oxygen-evolving enhancer protein 1-2, chloroplastic  Q9S841 1351.606 1.4 162.00 0.63 
Proteasome subunit beta type-3-B  O81153 1351.606 1.4 162.00 0.63 
Cysteine proteinases superfamily protein  A0A1P8ATS5 1351.606 1.4 162.00 0.63 
60S acidic ribosomal protein P0-2  Q42112 1351.606 1.4 162.00 0.63 
60S acidic ribosomal protein P0-1  O04204 1351.606 1.4 162.00 0.63 
60S acidic ribosomal protein P0  A8MQR4 1351.606 1.4 162.00 0.63 
Double-stranded DNA binding protein  F4KH75 1351.606 1.4 162.00 0.63 
Double-stranded DNA binding protein  A0A1P8BCE5 1351.606 1.4 162.00 0.63 
Double-stranded DNA binding protein  A0A1P8BCF3 1351.606 1.4 162.00 0.63 
Double-stranded DNA binding protein  F4KH79 1351.606 1.4 162.00 0.63 
Double-stranded DNA binding protein  F4KH76 1351.606 1.4 162.00 0.63 
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Double-stranded DNA binding protein  A0A1P8BCF0 1351.606 1.4 162 0.63 
Double-stranded DNA binding protein  F4KH77 1351.606 1.4 162 0.63 
ABC-2 type transporter family protein  A0A1P8BAZ0 1351.606 1.4 162 0.63 
Uncharacterized protein  A0A1I9LQC1 1351.606 1.4 162 0.63 
Histone H3-like 5  Q9FKQ3 831.493 0.1 265.80 0.97 
Ribulose bisphosphate carboxylase small chain 1A P10795 935.495 0.2 143.10 0.91 
Beta carbonic anhydrase 2, chloroplastic P42737 849.410 0.1 104.30 0.97 
Photosystem I P700 chlorophyll a apoprotein A1  P56766 1062.526 0.2 49.80 0.91 
Photosystem I reaction center subunit II-2  Q9SA56 990.504 0.2 297.60 1.54 
Photosystem I reaction center subunit II-1  Q9S7H1 990.504 0.2 297.60 1.54 
Chaperonin 60 subunit beta 3  C0Z361 2431.256 -9.6 176.80 1.97 
Chaperone protein ClpB4  Q8VYJ7 1293.716 -0.1 207.80 0.87 
Chlorophyll a-b binding protein 3, chloroplastic  Q9S7M0 894.516 0.0 262.20 0.84 
Glyceraldehyde-3-phosphate dehydrogenase GAPB  P25857 894.516 0.0 262.20 0.84 
Glyceraldehyde-3-phosphate dehydrogenase GAPA1,  P25856 894.516 0.0 262.20 0.84 
Glyceraldehyde 3-phosphate dehydrogenase A subunit 2  F4HNZ6 894.516 0.0 262.20 0.84 
Glyceraldehyde-3-phosphate dehydrogenase   A0A1P8APR6 894.516 0.0 262.20 0.84 
Probable galactinol--sucrose galactosyltransferase 4   Q9SYJ4 631.366 -1.9 288.70 0.86 
Transcription factor Pur-alpha 1   Q9SKZ1 945.508 -0.6 152.60 0.73 
Protein translocase subunit SecA   A0A1P8B485 945.508 -0.6 152.60 0.73 
Albino or Glassy Yellow 1   F4JG57 945.508 -0.6 152.60 0.73 
Aluminum activated malate transporter family protein   A0A1I9LRV2 945.508 -0.6 152.60 0.73 
Dynamin-like protein ARC5   Q84N64 1094.511 -0.5 250.40 0.56 
Photosystem I subunit l   A0A1P8B6D0 883.536 0.2 295.40 0.55 
LOW protein: PPR containing-like protein   F4J1L5 883.536 0.2 295.40 0.55 
GRIP-related ARF-binding domain-containing protein 1   A0A1I9LRB9 883.536 0.2 295.40 0.55 
Fructose-bisphosphate aldolase 2, chloroplastic   Q944G9 1452.842 0.6 53.90 1.26 
Fructose-bisphosphate aldolase   F4IGL7 1452.842 0.6 53.90 1.26 
Fructose-bisphosphate aldolase   F4IGL5 1452.842 0.6 53.90 1.26 
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Fructose-bisphosphate aldolase   F4JUJ5 1452.842 0.6 53.90 1.26 
Rubisco activase  F4IVZ7 1059.620 1.0 73.8 0.46 
Protein phosphatase 2C family protein  A0A1P8B784 1001.563 -0.2 88.9 1.25 
Plastid-lipid associated protein PAP / fibrillin family protein A0A1I9LQU5 1370.815 0.9 115.3 1.25 
Plant UBX domain-containing protein 2  A0A1P8AXE7 1812.890 4.3 9.0 1.25 
p-loop containing nucleoside triphosphate hydrolases superfamily protein Q9AST9 2089.169 -0.5 11.0 1.25 
Receptor like protein 2  A0A1P8APD8 1660.854 2.1 28.3 1.17 
TraB family protein  Q9FJ89 1315.722 -0.5 47.5 1.10 
40S ribosomal protein Sa-2  Q8H173 940.583 0.9 84.3 1.10 
40S ribosomal protein SA  F4J4W3 940.583 0.9 84.3 1.10 
40S ribosomal protein SA B9DG17 940.583 0.9 84.3 1.10 
Fatty acid desaturase family protein  A0A1P8AN77 1373.679 0.5 43.7 1.10 
Protein kinase superfamily protein  A0A1P8ASZ3 848.451 0.9 112.9 1.10 
Protein kinase superfamily protein   F4IA09 848.451 0.9 112.9 1.10 
Protein kinase superfamily protein   Q9C9I9 848.451 0.9 112.9 1.10 
Heat shock protein 90-2   P55737 2240.152 -5.8 19.8 0.82 
Heat shock protein 81-2  F4K6B6 2240.152 -5.8 19.8 0.82 
Tetratricopeptide repeat (TPR)-like superfamily protein  F4INL2 1024.553 -0.3 45.6 0.76 
S-adenosyl-L-methionine-dependent methyltransferases superfamily protein   A0A1P8B3H0 700.460 -0.4 268.4 0.69 
S-adenosyl-L-methionine-dependent methyltransferases superfamily protein  1 Q3E6Z1 700.460 -0.4 268.4 0.69 
(S)-2-hydroxy-acid oxidase GLO2   Q9LRS0 1245.731 0.5 30.2 0.64 
Aldolase-type TIM barrel family protein  A8MS37 1245.731 0.5 30.2 0.64 
Aldolase-type TIM barrel family protein   Q2V3V9 1245.731 0.5 30.2 0.64 
Aldolase-type TIM barrel family protein   F4JFV6 1245.731 0.5 30.2 0.64 
Aldolase-type TIM barrel family protein   B3H4B8 1245.731 0.5 30.2 0.64 
Senescence/dehydration-associated protein-like protein  A0A1P8B3F8 1388.790 0.1 1.1 0.64 
Senescence/dehydration-associated protein-like protein   A0A1P8B3G4 1388.790 0.1 1.1 0.64 
Peptidylprolyl isomerase   A0A1P8B636 1194.564 9.0 131.4 0.63 
Peptidylprolyl isomerase   A0A1P8B637 1194.564 9.0 131.4 0.63 
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p-loop containing nucleoside triphosphate hydrolases superfamily protein Q9AST9 2089.169 3.1 49.3 1.07 
p-loop containing nucleoside triphosphate hydrolases superfamily protein  F4I4Y6 2089.169 3.1 49.3 1.07 
Inositol 1,3,4-trisphosphate 5/6-kinase family protein  F4JG14 1003.594 0.0 162.5 1.05 
2-cysteine peroxiredoxin B  A0A1P8BD74 1485.842 -0.2 83.5 1.05 
Oxygen-evolving enhancer protein 1-2, chloroplastic  Q9S841 881.488 0.1 87.3 1.05 
Protein pleiotropic regulatory locus 1  Q42384 736.378 -0.1 159.5 1.05 
Protein pleiotropic regulator PRL2  Q39190 736.378 -0.1 159.5 1.05 
Transducin/WD40 repeat-like superfamily protein  F4HP69 736.378 -0.1 159.5 1.05 
Rubisco activase  F4IVZ7 1059.620 0.4 74.1 1.05 
Tyrosine transaminase family protein  F4JP99 1533.889 1.4 7.1 1.05 
Glutamate dehydrogenase 2  F4K6P9 1200.695 -0.3 31.0 1.04 
Fructose-bisphosphate aldolase 2, chloroplastic  Q944G9 1453.826 -0.4 62.2 1.05 
Fructose-bisphosphate aldolase  F4IGL7 1453.826 -0.4 62.2 1.05 
Fructose-bisphosphate aldolase  F4IGL5 1453.826 -0.4 62.2 1.05 
 Fructose-bisphosphate aldolase  F4JUJ5 1453.826 -0.4 62.2 1.05 
Adenylate kinase 4  O82514 1021.547 0.1 69.6 1.04 
Adenylate kinase family protein  A0A1P8BFG5 1021.547 0.1 69.6 1.04 
Adenylate kinase 1  F4KAP2 1021.547 0.1 69.6 1.04 
Homeodomain-like transcriptional regulator  A0A2H1ZEL5 1261.704 9.3 154.6 1.04 
Heat shock 70 kDa protein 6, chloroplastic  Q9STW6 870.541 -0.1 167.7 1.04 
60S ribosomal protein L11-1  P42795 1358.727 -0.7 55.5 0.97 
Tubulin beta-5 chain  P29513 1139.694 -2.7 32.5 0.91 
Tubulin beta-6 chain  P29514 1139.694 -2.7 32.5 0.91 
Tubulin beta-4 chain  P24636 1139.694 -2.7 32.5 0.91 
Tubulin beta-7 chain  P29515 1139.694 -2.7 32.5 0.91 
Tubulin beta-8 chain  P29516 1139.694 -2.7 32.5 0.91 
Tubulin beta-1 chain  P12411 1139.694 -2.7 32.5 0.91 
Tubulin beta-3 chain  Q9ASR0 1139.694 -2.7 32.5 0.91 
Tubulin beta-9 chain  P29517 1139.694 -2.7 32.5 0.91 
254 
 
S-adenosyl-L-methionine-dependent methyltransferases superfamily protein  A0A1P8B3H0 700.460 -0.8 161.5 0.91 
S-adenosyl-L-methionine-dependent methyltransferases superfamily protein  Q3E6Z1 700.460 -0.8 161.5 0.91 
(S)-2-hydroxy-acid oxidase GLO2  Q9LRS0 1056.605 -0.4 102.6 0.86 
Peroxisomal (S)-2-hydroxy-acid oxidase GLO5  O49506 1056.605 -0.4 102.6 0.86 
Aldolase-type TIM barrel family protein  A0A1P8B993 1056.605 -0.4 102.6 0.86 
Aldolase-type TIM barrel family protein  A8MS37 1056.605 -0.4 102.6 0.86 
Aldolase-type TIM barrel family protein  Q2V3V9 1056.605 -0.4 102.6 0.86 
Aldolase-type TIM barrel family protein  F4JFV6 1056.605 -0.4 102.6 0.86 
Aldolase-type TIM barrel family protein  B3H4B8 1056.605 -0.4 102.6 0.86 
Cyclic nucleotide-gated channel 15  A0A1P8B1B6 1324.781 2.0 96.2 0.62 
Calreticulin 1a  F4I529 975.478 -1.7 25.2 0.44 
Rubredoxin family protein  Q9FFJ2 1170.648 -8.8 9.5 0.42 
Pex2/Pex12 N-terminal domain-containing protein / zinc finger (C3HC4-type RING finger) family 
protein  F4HQB1 1183.625 5.2 81.0 0.42 
Dehydrin COR47  P31168 896.488 0.0 53.0 0.40 
Agamous-like MADS-box protein AGL93  Q7X9H9 953.603 -0.8 33.4 0.40 
MADS-box transcription factor family protein  B3H5S0 953.603 -0.8 33.4 0.40 
AGAMOUS-like 54  B3H507 953.603 -0.8 33.4 0.40 
AGAMOUS-like 54  Q9S9U2 953.603 -0.8 33.4 0.40 
AGAMOUS-like MADS-box protein  O04632 953.603 -0.8 33.4 0.40 
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Figure S8: The elution profiles of the binding and desorption events between the LPS-immobilized 
MagReSyn™ streptavidin polymeric microspheres and interacting PM-associated candidate proteins 
for the time study A) 0 h, B) 12 h, C) 18 h and D) 24 h following treatment with i) LPS chemotype Xcc 
8004 and ii) LPS chemotype Xcc 8530. The blue curve represents the absorbance of the flow through 
(non-bound proteins) fraction eluted with 10 mM Tris-HCl from the resin. The red curve represents the 
absorbance of the non-specific fraction of proteins that are eluted with 1 M NaCl and lastly the black 
curve represents the PM associated LPS-interacting candidate proteins that are eluted with 1% SDS. 
E) Represents MagReSyn™ streptavidin polymeric microsphere (no LPS immobilization) interaction 
with proteins for the non-specific binding control and were not considered to be interacting proteins. 
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Table S5: The PM proteins that interacted with the MagReSyn™ streptavidin polymeric microspheres (no LPS immobilized) and identified by LC/MS/MS 
considered as the control. The table heading descriptions are as for those described in Table S1. These were not considered as LPS-interacting proteins.   
Protein Accession 
number 
Mass 
Calculated 
(M+H) 
Mass 
error 
(ppm) 
Byonic 
score 
|log 
probability| 
V-type proton ATPase catalytic subunit A O23654 1019.552 0.6 461.40 102.06 
Clathrin heavy chain 1  Q0WNJ6 1366.744 -0.1 498.50 75.16 
V-type proton ATPase subunit B1 P11574 1369.736 0.5 452.30 57.40 
V-type proton ATPase subunit B3 Q8W4E2 1369.736 0.5 452.30 57.40 
5-methyltetrahydropteroyltriglutamate--homocysteine methyltransferase 1  O50008 1506.755 0.1 464.00 48.91 
Probable elongation factor 1-gamma 2  Q9FVT2 2096.048 0.3 491.30 48.77 
Elongation factor 2 Q9ASR1 2399.163 1.3 533.40 48.55 
Photosystem II CP43 reaction center protein P56778 1709.767 0.4 398.60 47.97 
ABC transporter G family member 36 Q9XIE2 1310.768 0.4 367.60 44.39 
Mediator of RNA polymerase II transcription subunit 37a Q9LKR3 1659.895 0.6 498.30 43.83 
Monodehydroascorbate reductase 2  Q93WJ8 1479.817 0.4 384.40 43.12 
Ribulose bisphosphate carboxylase large chain  O03042 1684.861 0.3 492.50 42.02 
ATPase 1, plasma membrane-type  P20649 1040.574 0.1 429.10 41.43 
Catalase-3  Q42547 1523.858 2.4 559.30 39.82 
Catalase 3 B9DG18 1523.858 2.4 559.30 39.82 
Aquaporin PIP2-1 P43286 1069.568 1.8 406.60 39.47 
Photosystem II CP47 reaction center protein P56777 1485.737 0.4 426.30 39.02 
V-type proton ATPase subunit C Q9SDS7 1181.580 2.2 487.40 37.52 
Glycerophosphodiester phosphodiesterase GDPDL1  Q7Y208 1347.788 1.9 358.40 36.54 
Rieske (2Fe-2S) domain-containing protein Q9C9I7 1534.750 -0.8 489.50 35.65 
(S)-2-hydroxy-acid oxidase GLO1 Q9LRR9 1245.731 1.1 431.20 35.46 
40S ribosomal protein S3-1 Q9SIP7 1277.634 0.9 419.60 33.79 
ATP-dependent zinc metalloprotease FTSH 5 Q9FH02 1566.755 -1.2 414.60 33.35 
Probable mediator of RNA polymerase II transcription subunit 37e  P22953 1306.725 0.2 422.50 31.40 
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Glyceraldehyde-3-phosphate dehydrogenase C2 F4HQT1 2172.009 -1.7 328.10 30.72 
60S acidic ribosomal protein P0-3  P57691 1303.674 -0.5 491.10 30.25 
Phosphoenolpyruvate carboxylase 2 Q5GM68 1757.943 0.4 431.50 29.56 
Transketolase  F4JBY2 1575.765 -0.9 504.60 29.14 
40S ribosomal protein Sa-1 Q08682 1865.049 -0.8 511.50 28.55 
40S ribosomal protein SA B9DG17 1865.049 -0.8 511.50 28.55 
Cytochrome f  P56771 1234.752 0.7 384.40 28.01 
Heat shock protein 90-3  P51818 1527.801 0.5 611.10 27.80 
Coatomer subunit alpha-2  Q9SJT9 1162.672 0.8 360.80 27.52 
Tubulin beta-5 chain P29513 1139.694 0.4 434.70 27.31 
Malate dehydrogenase  F4KDZ4 2138.153 0.4 436.40 26.91 
60S ribosomal protein L6-2  Q9C9C6 1280.685 -0.9 415.50 26.86 
60S ribosomal protein L6-3 Q9C9C5 1280.685 -0.9 415.50 26.86 
V-type proton ATPase subunit a3  Q8W4S4 1790.940 1.2 446.40 26.28 
V-type proton ATPase subunit d1  Q9LJI5 1601.886 0.8 530.10 26.18 
60S ribosomal protein L3-1  P17094 1033.564 0.6 504.80 25.64 
ATP synthase beta chain (Subunit II) Q42139 1700.943 0.0 425.00 24.88 
Hexokinase-1  Q42525 1527.849 0.6 485.30 24.85 
Endoplasmin homolog  Q9STX5 1071.579 -0.1 379.20 24.42 
Chaperone protein htpG family protein F4JQ55 1071.579 -0.1 379.20 24.42 
NADH dehydrogenase [ubiquinone] iron-sulfur protein 2 P93306 1414.660 0.7 361.30 24.07 
Glutathione S-transferase F2  P46422 1188.626 0.2 385.80 23.80 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase 48 kDa subunit Q944K2 1573.843 1.8 405.30 23.77 
60S ribosomal protein L7-2 P60040 1571.864 1.7 420.10 23.31 
Ras-related protein RABA2b Q9LNW1 1319.757 0.8 402.30 23.19 
Ras-related protein RABA2d Q9FIF9 1319.757 0.8 402.30 23.19 
Ras-related protein RABA2c Q96283 1319.757 0.8 402.30 23.19 
Histone H4 P59259 1325.754 -0.4 388.60 23.18 
FAD/NAD(P)-binding oxidoreductase family protein  Q9SF45 2100.071 -2.5 316.60 22.76 
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Expressed protein  O80858 1036.567 0.5 322.40 22.74 
Ribulose bisphosphate carboxylase small chain B3H5S2 2068.085 -0.8 366.80 22.48 
Ribulose bisphosphate carboxylase small chain  F4KA76 2068.085 -0.8 366.80 22.48 
Adenosylhomocysteinase 1 O23255 2610.323 -0.3 380.80 22.36 
Bifunctional enolase 2/transcriptional activator  P25696 1896.934 0.0 468.20 22.34 
Enolase  A0A1P8B1N1 1896.934 0.0 468.20 22.34 
Patellin-1 Q56WK6 1190.584 0.6 348.60 22.29 
Syntaxin-71  Q9SF29 1081.636 0.2 400.00 22.14 
Calnexin homolog 1  P29402 902.483 0.1 348.40 22.01 
Tubulin alpha-4 chain Q0WV25 1473.864 3.3 365.70 21.60 
Tubulin alpha-2 chain B9DGT7 1473.864 3.3 365.70 21.60 
60S ribosomal protein L4-1 Q9SF40 1668.917 0.7 483.70 21.58 
60S ribosomal protein L5-1 Q8LBI1 2189.218 -0.6 391.70 21.50 
14-3-3-like protein GF14 chi P42643 1418.749 -0.2 450.00 21.41 
General regulatory factor 1 F4JJ94 1418.749 -0.2 450.00 21.41 
Delta-1-pyrroline-5-carboxylate synthase A  P54887 1588.833 8.2 467.70 21.03 
Delta-1-pyrroline-5-carboxylate synthase F4IFZ9 1588.833 8.2 467.70 21.03 
Delta1-pyrroline-5-carboxylate synthase 1 B9DFG0 1588.833 8.2 467.70 21.03 
40S ribosomal protein S4-1  Q93VH9 1268.627 0.0 368.40 20.97 
40S ribosomal protein S4-3  Q8VYK6 1268.627 0.0 368.40 20.97 
40S ribosomal protein S4-2  P49204 1268.627 0.0 368.40 20.97 
Uncharacterized protein At3g61260  Q9M2D8 1044.557 1.1 387.20 20.88 
Ras-related protein RABD2b Q9FPJ4 1708.879 0.5 511.90 20.86 
40S ribosomal protein S6-2 P51430 1040.646 0.4 313.00 20.77 
CSC1-like protein ERD4  Q9C8G5 1233.611 -1.7 379.60 20.55 
Adenylate kinase 4 O82514 1617.848 1.1 433.20 20.40 
V-type proton ATPase subunit D Q9XGM1 1082.573 -5.4 293.90 20.10 
Inorganic H pyrophosphatase family protein A8MQH1 1413.770 0.6 462.90 20.09 
Ras-related protein RABG3f Q9LS94 1187.621 0.9 384.90 20.03 
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40S ribosomal protein S18  P34788 2101.059 2.1 540.10 19.99 
Proteasome subunit alpha type-6-A O81146 1420.779 1.7 407.80 19.79 
FtsH extracellular protease family A0A1P8AXC1 1085.584 0.1 383.90 19.74 
Annexin D1 Q9SYT0 1150.683 0.6 405.80 19.70 
Eukaryotic translation initiation factor 3 subunit A  Q9LD55 2089.056 1.3 360.20 18.91 
Phospholipase D alpha 1  Q38882 1445.721 0.5 404.40 18.20 
Ras-related protein RABB1b  Q38922 1550.760 0.7 390.30 17.94 
Fasciclin-like arabinogalactan protein 8  O22126 2292.176 0.9 317.40 17.91 
40S ribosomal protein S13-2 P59224 1253.758 0.1 341.40 17.69 
40S ribosomal protein S13-1  P59223 1253.758 0.1 341.40 17.69 
Ferredoxin--NADP reductase  F4JZ46 1630.796 -0.5 478.00 17.48 
Synaptotagmin-1  Q9SKR2 1478.767 0.3 349.70 17.48 
Serine--glyoxylate aminotransferase  Q56YA5 1572.849 1.0 421.40 17.38 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 2  Q93Z16 1602.823 0.7 316.10 17.21 
Ribophorin II (RPN2) family protein F4JIM7 1602.823 0.7 316.10 17.21 
Eukaryotic initiation factor 4A-2  P41377 1114.683 1.0 399.10 17.15 
40S ribosomal protein S8-1 Q93VG5 1704.892 -0.8 413.30 16.92 
Ras-related protein RABE1d Q9LZD4 2330.133 -0.7 348.70 16.79 
Plasma membrane-associated cation-binding protein 1 Q96262 2421.197 -0.8 369.90 16.73 
26S proteasome non-ATPase regulatory subunit 6 homolog  Q93Y35 1682.838 1.1 321.40 16.56 
Hypersensitive-induced response protein 2  Q9CAR7 1465.780 1.1 369.90 16.48 
ARM repeat superfamily protein Q93VS8 1236.742 -0.5 449.10 16.35 
Eukaryotic translation initiation factor 3 subunit B  Q9C5Z1 954.598 0.0 356.40 15.85 
NADP-dependent malic enzyme 2  Q9LYG3 1285.711 0.8 352.70 15.69 
Photosystem I P700 chlorophyll a apoprotein A1  P56766 1062.526 -0.1 336.60 15.69 
60S ribosomal protein L9-1  P49209 1914.018 1.1 383.00 15.61 
14-3-3-like protein GF14 mu Q96299 1238.626 -0.6 376.90 15.50 
General regulatory factor 9  F4IP53 1238.626 -0.6 376.90 15.50 
General regulatory factor 9  F4IP55 1238.626 -0.6 376.90 15.50 
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Late embryogenesis abundant protein, group 2 O80576 1283.757 -0.1 351.10 15.49 
60S ribosomal protein L12-1  P50883 1267.798 0.6 373.30 15.46 
60S ribosomal protein L12-3 Q9FF52 1267.798 0.6 373.30 15.46 
60S ribosomal protein L12-2 Q9LFH5 1267.798 0.6 373.30 15.46 
Monooxygenase 1 O81815 1420.816 1.1 363.20 15.33 
Monooxygenase 1  F4JK85 1420.816 1.1 363.20 15.33 
Cysteine synthase 1 P47998 1707.891 -0.9 479.50 15.28 
60S acidic ribosomal protein P2-2 Q9SLF7 2116.138 -0.3 448.30 15.18 
60S acidic ribosomal protein family  F4IGR3 2116.138 -0.3 448.30 15.18 
60S ribosomal protein L8-1  P46286 1251.778 1.2 358.80 15.07 
60S ribosomal protein L8-3  Q42064 1251.778 1.2 358.80 15.07 
Monocopper oxidase-like protein SKU5 Q9SU40 1294.654 1.1 343.20 14.99 
60S ribosomal protein L18-2 P42791 1385.800 0.3 469.10 14.95 
Fasciclin-like arabinogalactan protein 1 Q9FM65 1628.796 0.5 339.70 14.90 
Cytochrome b559 subunit alpha P56779 1485.686 -0.6 482.10 14.86 
40S ribosomal protein S5-1  Q9ZUT9 1620.797 2.1 442.40 14.73 
40S ribosomal protein S5-2  P51427 1620.797 2.1 442.40 14.73 
Cystine lyase CORI3  Q9SUR6 1894.007 0.6 316.00 14.68 
Tyrosine transaminase family protein  F4JP99 1894.007 0.6 316.00 14.68 
Cytochrome P450, family 706, subfamily A, polypeptide 1 F4JLY4 1048.651 0.7 306.80 14.67 
Cytochrome P450 - like protein O49652 1048.651 0.7 306.80 14.67 
ATP-citrate synthase beta chain protein 2 Q9FGX1 992.480 2.2 397.50 14.52 
D-ribulose-5-phosphate-3-epimerase Q9SAU2 1661.911 2.9 479.20 14.45 
ADP-glucose pyrophosphorylase family protein  F4HXD1 1269.705 0.3 326.20 14.44 
ADP-glucose pyrophosphorylase family protein  Q9C9P3 1269.705 0.3 326.20 14.44 
Importin beta-like SAD2 homolog  F4J738 1584.896 -0.2 350.10 14.38 
Cytochrome b6  P56773 2158.285 -1.4 373.80 14.32 
60S ribosomal protein L14-2  Q9T043 1371.784 -1.5 383.50 14.19 
60S ribosomal protein L11-2 P42794 1358.727 0.8 361.10 13.98 
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60S ribosomal protein L11-1  P42795 1358.727 0.8 361.10 13.98 
Probable elongation factor 1-gamma 1  O04487 2015.044 -0.4 638.00 13.92 
Eukaryotic translation initiation factor 3 subunit C  O49160 1019.512 1.0 456.90 13.91 
Serine/threonine-protein kinase BSK1  Q944A7 1269.741 1.0 364.30 13.89 
Dihydrolipoyllysine-residue acetyltransferase component 2 of pyruvate dehydrogenase complex Q8RWN9 1000.604 0.0 338.90 13.86 
Aminomethyltransferase A0A2H1ZEA9 1121.574 -2.0 304.30 13.83 
Alanine--tRNA ligase  P36428 1348.690 1.5 300.50 13.58 
60S ribosomal protein L10-1  Q93VT9 1154.726 0.8 304.60 13.53 
60S ribosomal protein L24-1  Q42347 1257.741 1.7 513.60 13.42 
60S ribosomal protein L24-2 P38666 1257.741 1.7 513.60 13.42 
60S ribosomal protein L19-3 P49693 1038.510 0.1 347.20 13.40 
Nitrate reductase [NADH] 2 P11035 1042.641 0.8 387.70 13.38 
Photosystem II protein D1 P83755 1459.733 0.3 453.60 13.33 
60S ribosomal protein L13a-2 Q9LRX8 1312.758 -0.5 313.70 13.26 
26S proteasome non-ATPase regulatory subunit 2 homolog A  Q9SIV2 1480.823 -0.8 446.80 13.19 
Hypersensitive-induced response protein 1  Q9FM19 1219.657 1.7 368.10 13.08 
Glutathione S-transferase U19  Q9ZRW8 1367.684 3.4 365.40 13.08 
26S proteasome regulatory subunit 7 homolog A Q9SSB5 1737.848 -1.3 433.40 13.01 
V-type proton ATPase subunit E1 Q39258 908.560 -1.6 321.20 12.99 
Nucleoside diphosphate kinase 1  P39207 1695.939 -0.1 302.60 12.81 
14-3-3-like protein GF14 epsilon  P48347 1500.790 0.4 334.90 12.80 
General regulatory factor 10 F4I1C1 1500.790 0.4 334.90 12.80 
NDR1/HIN1-like protein 3 Q9FNH6 1496.843 -0.3 339.50 12.72 
TRAF-like family protein Q9LHA6 1321.679 0.7 383.60 12.72 
F15H11.2 protein Q9S791 1093.629 -0.3 335.70 12.63 
Thylakoid rhodanese-like protein  A0A1P8B8J7 1443.744 -1.7 412.80 12.57 
40S ribosomal protein S2-2  Q93VB8 1782.938 0.5 381.20 12.51 
40S ribosomal protein S2-3 P49688 1782.938 0.5 381.20 12.51 
40S ribosomal protein S2-1 Q8L8Y0 1782.938 0.5 381.20 12.51 
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NAD(P)-binding Rossmann-fold superfamily protein O65502 1739.965 0.9 355.40 12.49 
Nitrilase 2  P32962 1837.948 0.9 375.70 12.46 
Carotenoid 9,10(9',10')-cleavage dioxygenase 1 O65572 1062.558 0.2 342.40 12.19 
Peroxidase 12 Q96520 1701.881 1.4 343.90 12.12 
V-type proton ATPase subunit a2  Q9SJT7 1759.890 1.2 393.00 12.06 
40S ribosomal protein S9-1  Q9LXG1 946.509 0.1 340.70 12.03 
26S proteasome non-ATPase regulatory subunit 3 homolog A  Q9LNU4 1381.721 2.0 374.90 11.99 
Importin subunit beta-1 Q9FJD4 1335.690 2.7 315.60 11.75 
Proteasome subunit beta type-6 Q8LD27 1188.658 -0.3 351.00 11.72 
Proteasome subunit beta type  F4JRY2 1188.658 -0.3 351.00 11.72 
Phosphoenolpyruvate carboxylase 1 Q9MAH0 1267.700 -0.3 348.90 11.70 
Phosphoenolpyruvate carboxylase 3 Q84VW9 1267.700 -0.3 348.90 11.70 
2-cysteine peroxiredoxin  A0A1P8BD74 1485.842 0.8 419.40 11.61 
Nucleosome assembly protein 1;2  Q9ZUP3 727.341 -0.1 288.90 11.58 
Probable aquaporin PIP1-5 Q8LAA6 1960.969 1.3 315.90 11.47 
Ras-related protein RABH1b  O80501 938.494 -1.2 369.50 11.20 
DNA-directed RNA polymerase subunit beta''  P56764 1060.651 0.9 333.90 11.16 
60S ribosomal protein L10a-2  P59230 1489.826 1.0 424.30 11.15 
Dehydrin ERD10  P42759 2921.499 -0.6 401.30 11.14 
Dehydrin family protein F4HST2 2921.499 -0.6 401.30 11.14 
Beta-D-glucopyranosyl abscisate beta-glucosidase Q9SE50 1918.853 -0.1 357.80 11.13 
14-3-3-like protein GF14 lambda  P48349 1404.733 -0.6 332.20 11.10 
14-3-3-like protein GF14 kappa  P48348 1404.733 -0.6 332.20 11.10 
G-box regulating factor 6 F4KGV2 1404.733 -0.6 332.20 11.10 
G-box regulating factor 6  F4KGV5 1404.733 -0.6 332.20 11.10 
General regulatory factor 8  F4KHY7 1404.733 -0.6 332.20 11.10 
COP1-interactive protein 1 F4JZY1 1387.718 -0.2 344.20 10.93 
Photosystem II D2 protein  P56761 1041.605 -0.2 343.40 10.88 
Coatomer subunit gamma  Q0WW26 1161.611 1.1 331.50 10.75 
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Serine/arginine-rich splicing factor RS41  P92966 1802.834 -1.6 396.40 10.65 
26S proteasome regulatory subunit S10B homolog B  Q9MAK9 1276.690 0.7 319.60 10.61 
26S proteasome regulatory subunit 10B homolog A  Q9SEI3 1276.690 0.7 319.60 10.61 
AAA-type ATPase family protein  B3H533 1276.690 0.7 319.60 10.61 
Ubiquitin-60S ribosomal protein L40-2  Q42202 1763.891 -1.2 414.20 10.47 
Ubiquitin-40S ribosomal protein S27a-3  P59233 1763.891 -1.2 414.20 10.47 
Ubiquitin-NEDD8-like protein RUB1  Q9SHE7 1763.891 -1.2 414.20 10.47 
Ubiquitin-NEDD8-like protein RUB2 Q8RUC6 1763.891 -1.2 414.20 10.47 
Polyubiquitin 14  Q3E7T8 1763.891 -1.2 414.20 10.47 
Polyubiquitin 4 P0CH32 1763.891 -1.2 414.20 10.47 
Polyubiquitin 11  P0CH33 1763.891 -1.2 414.20 10.47 
Polyubiquitin 3  Q1EC66 1763.891 -1.2 414.20 10.47 
Polyubiquitin 10 Q8H159 1763.891 -1.2 414.20 10.47 
Ubiquitin-60S ribosomal protein L40-1  B9DHA6 1763.891 -1.2 414.20 10.47 
Ubiquitin-40S ribosomal protein S27a-1  P59271 1763.891 -1.2 414.20 10.47 
Ubiquitin-40S ribosomal protein S27a-2 P59232 1763.891 -1.2 414.20 10.47 
Protein transport protein SEC31 homolog B Q8L611 1555.869 0.8 414.70 10.45 
ABC transporter B family member 28 Q8LPQ6 1300.737 0.9 322.70 10.41 
Non-intrinsic ABC protein 8  F4JSM3 1300.737 0.9 322.70 10.41 
Probable mediator of RNA polymerase II transcription subunit 37c Q9LHA8 1260.683 -1.4 374.40 10.38 
Expressed protein  Q9ZQ87 1217.689 1.7 321.50 10.21 
Acetyl Co-enzyme a carboxylase biotin carboxylase subunit  F4JYE1 1609.880 7.1 307.20 10.19 
Acetyl Co-enzyme a carboxylase biotin carboxylase subunit  F4JYE0 1609.880 7.1 307.20 10.19 
Cycloartenol synthase  P38605 1336.784 0.7 400.40 9.97 
60S ribosomal protein L13-1  P41127 2544.258 0.4 472.50 9.95 
26S proteasome regulatory subunit 8 homolog B  Q94BQ2 1479.864 0.8 315.10 9.76 
26S proteasome regulatory subunit 8 homolog A  Q9C5U3 1479.864 0.8 315.10 9.76 
Translocon-associated protein subunit alpha P45434 1567.894 0.5 385.00 9.68 
Translocon-associated protein (TRAP), alpha subunit  F4IGI4 1567.894 0.5 385.00 9.68 
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Ras-related protein RABA4b Q9SMQ6 1057.625 0.2 369.90 9.64 
GTP-binding nuclear protein Ran-1 P41916 1015.578 -0.3 324.20 9.49 
GTP-binding nuclear protein Ran-2 P41917 1015.578 -0.3 324.20 9.49 
GTP-binding nuclear protein Ran-3  Q8H156 1015.578 -0.3 324.20 9.49 
Photosystem I iron-sulfur center P62090 1519.605 0.6 338.10 9.44 
DNA-directed RNA polymerase subunit alpha  P56762 1621.819 1.0 310.80 9.44 
40S ribosomal protein S16-1  Q9SK22 884.520 -0.2 311.00 9.37 
Leucine-rich repeat (LRR) family protein  Q9LT39 1440.781 0.4 397.10 9.34 
60S acidic ribosomal protein P1-1  Q8LCW9 3318.638 -0.7 353.20 9.23 
TRAF-like family protein Q9SLV3 1625.7078 -1.5 357.70 9.20 
Probable inactive receptor kinase At5g16590 Q9FMD7 1259.686 -3.9 305.60 9.07 
Phospholipase A1-IIdelta  Q9SJI7 1320.670 1.0 373.40 8.93 
40S ribosomal protein S15a-1 P42798 972.572 0.2 396.70 8.75 
Trans-cinnamate 4-monooxygenase  P92994 1434.759 4.3 446.60 8.66 
Chloride channel protein CLC-a P92941 998.599 1.8 338.30 8.51 
Chloride channel A F4KIT3 998.599 1.8 338.30 8.51 
2-oxoglutarate dehydrogenase, E1 component  Q9FLH2 983.600 0.0 318.90 8.42 
2-oxoglutarate dehydrogenase, E1 component  F4IWV2 983.600 0.0 318.90 8.42 
ATP synthase protein YMF19  P93303 1386.722 -0.1 338.20 8.36 
Histone H2B.10  Q9FFC0 939.587 0.0 303.10 8.31 
Histone H2B.1  Q9LQQ4 939.587 0.0 303.10 8.31 
Histone H2B.9  Q9LZ45 939.587 0.0 303.10 8.31 
Histone H2B.6 O23629 939.587 0.0 303.10 8.31 
Histone H2B.3  Q9SI96 939.587 0.0 303.10 8.31 
Histone H2B.4  Q9ZUS0 939.587 0.0 303.10 8.31 
Histone H2B.5  Q9SF55 939.587 0.0 303.10 8.31 
Histone H2B.11  P40283 939.587 0.0 303.10 8.31 
Histone H2B.7 Q9LZT0 939.587 0.0 303.10 8.31 
26S proteasome regulatory subunit 4 homolog A  Q9SZD4 1767.858 0.5 376.30 8.26 
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26S proteasome regulatory subunit 4 homolog B Q9SL67 1767.858 0.5 376.30 8.26 
40S ribosomal protein S10-1  Q9SW09 1630.905 0.4 388.90 8.25 
40S ribosomal protein S3a-2 Q42262 1619.890 1.1 439.80 8.18 
3-oxo-Delta(4,5)-steroid 5-beta-reductase Q9STX2 1581.911 1.7 402.00 7.92 
Eukaryotic peptide chain release factor subunit 1-1  Q39097 946.547 -0.2 326.40 7.91 
Cytochrome P450 71B23  Q9LTM0 1406.743 1.3 331.50 7.88 
Calcium-dependent protein kinase 3 Q42479 1788.897 1.2 316.40 7.64 
Coatomer subunit beta'-2  Q9C827 1176.626 1.4 335.90 7.62 
F24B9.13 protein Q9LQQ3 1655.912 0.3 328.60 7.40 
Dolichyl-diphosphooligosaccharide--protein glycosyltransferase subunit 1B Q9ZUA0 1085.563 0.2 330.80 7.39 
60S ribosomal protein L35-2 O80626 1286.768 2.4 418.70 7.37 
60S ribosomal protein L35-4  Q9LZ41 1286.768 2.4 418.70 7.37 
Ribosomal L29 family protein F4KDR2 1286.768 2.4 418.70 7.37 
60S ribosomal protein L17-1  Q93VI3 1133.657 0.7 361.30 7.37 
60S ribosomal protein L17-2 P51413 1133.657 0.7 361.30 7.37 
Sucrose-phosphate synthase 1 Q94BT0 1081.673 0.6 418.60 7.11 
AT3g52230/F4F15_340  Q9SUY2 1604.791 -0.4 316.10 7.09 
40S ribosomal protein S20-2  Q9STY6 1318.725 -0.1 374.90 7.02 
40S ribosomal protein S20-1  P49200 1318.725 -0.1 374.90 7.02 
Probable methyltransferase PMT1 Q8H118 1188.699 0.7 420.40 7.01 
Probable methyltransferase PMT8 Q940J9 1188.699 0.7 420.40 7.01 
60S ribosomal protein L13a-1 Q9SFU1 1339.769 3.5 335.00 7.00 
Glutathione S-transferase F10  P42761 1409.804 1.5 379.50 6.99 
Myrosinase-binding protein 1 Q9SAV0 1459.827 2.1 399.10 6.88 
Probable aldo-keto reductase 4  Q93ZN2 1367.717 -1.0 319.20 6.80 
C-terminal binding protein AN  O23702 1301.706 1.8 302.00 6.71 
Triacylglycerol lipase-like 1  A0A1P8AVY3 1222.622 -1.0 355.30 6.54 
Triacylglycerol lipase-like 1  F4HRB4 1222.622 -1.0 355.30 6.54 
Triacylglycerol lipase-like 1 Q8L7S1 1222.622 -1.0 355.30 6.54 
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Photosystem I reaction center subunit psaK Q9SUI5 932.495 -0.2 345.10 6.45 
Eukaryotic peptide chain release factor subunit 1-3  P35614 946.547 -0.2 326.40 6.27 
Syntaxin-121  Q9ZSD4 1329.701 -0.2 402.30 6.06 
14-3-3-like protein GF14 omega  Q01525 1029.558 -0.6 337.40 5.85 
Pyruvate dehydrogenase E1 component subunit alpha  A0A1P8AQS2 1643.791 -5.7 403.50 5.51 
Proteasome endopeptidase complex  A0A1P8AX55 1068.572 -0.5 321.30 5.22 
60S ribosomal protein L34-3  Q9LJW6 963.515 -3.4 351.20 5.02 
Glutamate dehydrogenase 2  Q38946 1061.547 0.2 329.40 4.24 
Glutamate dehydrogenase 2 F4K6P9 1061.547 0.2 329.40 4.24 
Leucine-rich repeat (LRR) family protein Q8RWI2 1155.673 1.1 301.60 3.89 
Protein BONZAI 2 Q5S1W2 1060.615 0.4 320.70 3.59 
60S ribosomal protein L35a-2 Q9FZH0 770.445 -0.2 312.00 3.21 
60S ribosomal protein L35a-4 P51422 770.445 -0.2 312.00 3.21 
 
Table S6: The PM proteins that were identified by LC/MS/MS interacting with the LPS for MagResyn™ streptavidin affinity chromatography with low scores 
for the  for the control, 0 h, 6 h, 12 h, 18h and 24 h subsequent to treatment with LPS chemotypes Xcc 8004 and Xcc 8530. The table heading descriptions 
are as for those described in Table S1. 
 
Protein name Accession 
number 
Calculated 
mass 
(M+H) 
Mass 
error 
(ppm) 
Byonic™ 
score 
|Log 
probability| 
Exocyst complex component SEC5A   Q8S3U9 1306.679 1.2 145.90 2.11 
Dynamin-2B   Q9LQ55 1139.642 1.6 112.80 2.08 
Ras-related protein RABE1d   Q9LZD4 1164.590 -0.2 139.20 2.07 
Ras-related protein RABE1e  Q9SF91 1164.590 -0.2 139.20 2.07 
Ras-related protein RABE1c   P28186 1164.590 -0.2 139.20 2.07 
Putative GTP-binding protein ara-3   Q9FJF1 1164.590 -0.2 139.20 2.07 
Probable elongation factor 1-gamma 2   Q9FVT2 2039.081 1.8 135.60 2.04 
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Cytochrome P450 71B7   Q96514 1115.537 0.1 156.20 2.03 
ATP-dependent RNA helicase Q9SZV4 1019.577 -0.1 160.00 1.94 
Nucleoside diphosphate kinase III, chloroplastic/mitochondrial  O49203 1344.763 -0.4 105.90 1.93 
Nucleoside diphosphate kinase IV, chloroplastic/mitochondrial   Q8LAH8 1344.763 -0.4 105.90 1.93 
Nucleoside diphosphate kinase   F4JPD8 1344.763 -0.4 105.90 1.93 
ATPase 2, plasma membrane-type   P19456 927.562 -0.5 128.30 1.91 
Plasma membrane ATPase   F4JPJ7 927.562 -0.5 128.30 1.91 
30S ribosomal protein S3, chloroplastic  P56798 998.588 -0.2 129.90 1.89 
TRAF-like family protein Q9LHA6 859.446 -0.1 243.40 1.83 
60S ribosomal protein L9-1   P49209 1865.941 -3.1 87.60 1.81 
V-type proton ATPase subunit D   Q9XGM1 1082.573 0.1 226.40 1.79 
(S)-2-hydroxy-acid oxidase GLO2   Q9LRS0 1058.599 -0.2 49.40 1.77 
Aldolase-type TIM barrel family protein   F4JFV6 1058.599 -0.2 49.40 1.77 
Phosphoglycerate kinase 3, cytosolic   Q9SAJ4 1058.599 -0.2 82.30 1.77 
Protein THYLAKOID FORMATION 1  Q9SKT0 973.520 1.7 187.80 1.67 
Formate dehydrogenase, chloroplastic/mitochondrial  Q9S7E4 1235.617 -0.9 91.40 1.65 
Formate dehydrogenase, mitochondrial  A0A1P8B9L1 1235.617 -0.9 91.40 1.65 
Formate dehydrogenase, mitochondrial   A0A1P8B9N1 1235.617 -0.9 91.40 1.65 
Exocyst complex component SEC6   Q94AI6 1190.616 -0.4 94.40 1.65 
Protein disulfide-isomerase 5-2  Q94F09 1096.604 0.2 170.40 1.62 
Ribulose bisphosphate carboxylase small chain 1A, chloroplastic  P10795 1931.939 0.2 89.10 1.59 
14-3-3-like protein GF14 epsilon   P48347 1500.790 -0.4 137.90 1.53 
General regulatory factor 10  F4I1C1 1500.790 -0.4 137.90 1.53 
Succinate dehydrogenase subunit 6, mitochondrial  Q941A6 1176.568 0.3 111.00 1.46 
Eukaryotic translation initiation factor 3 subunit F   O04202 777.451 -0.9 83.40 1.45 
Probable phosphoglucomutase, cytoplasmic 2  Q9SGC1 1043.610 -0.2 145.00 1.29 
Phosphoglucomutase/phosphomannomutase family protein   F4I6W3 1043.610 -0.2 145.00 1.29 
Phosphoglucomutase/phosphomannomutase family protein   F4I6W4 1043.610 -0.2 145.00 1.29 
Eukaryotic initiation factor 4A-2   P41377 451.230 0.1 66.70 1.28 
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Eukaryotic initiation factor 4A-1   P41376 451.230 0.1 66.70 1.28 
UPF0603 protein At1g54780, chloroplastic   Q9ZVL6 1008.536 0.1 225.30 1.21 
Glutathione S-transferase U19   Q9ZRW8 1079.573 -1.2 144.80 1.20 
Acclimation of photosynthesis to environment   A0A219HZL6 1023.536 0.5 38.40 1.18 
Acclimation of photosynthesis to environment 1 Q2HIR7 1023.536 0.5 38.40 1.18 
Synaptotagmin-1   Q9SKR2 1478.767 -0.2 59.50 1.09 
Synaptotagmin A   F4IFM6 1478.767 -0.2 59.50 1.09 
Synaptotagmin A   4IFM7 1478.767 -0.2 59.50 1.09 
ARM repeat superfamily protein  Q93VS8 1063.599 0.3 71.60 1.07 
40S ribosomal protein S16-3   Q42340 884.520 -0.3 73.40 1.01 
Ribosomal protein S5 domain 2-like superfamily protein  A8MRX2 884.520 -0.3 73.40 1.01 
NAD(P)H-quinone oxidoreductase subunit H, chloroplastic  P56753 807.436 -0.3 80.70 0.94 
60S ribosomal protein L23 P49690 866.582 -0.1 129.80 0.89 
F-box protein At5g03100  Q501G5 815.462 0.3 241.40 0.89 
Fructose-bisphosphate aldolase 1, chloroplastic   Q9SJU4 1452.842 -2.6 40.30 0.87 
Fructose-bisphosphate aldolase 2, chloroplastic   Q944G9 1452.842 -2.6 40.30 0.87 
Fructose-bisphosphate aldolase   F4IGL7 1452.842 -2.6 40.30 0.87 
Fructose-bisphosphate aldolase  F4IGL5 1452.842 -2.6 40.30 0.87 
Fructose-bisphosphate aldolase   F4JUJ5 1452.842 -2.6 40.30 0.87 
Glutathione S-transferase F8, chloroplastic   Q96266 961.547 -0.7 184.00 0.87 
Glutathione S-transferase U19   Q9ZRW8 1079.573 -0.5 244.90 2.73 
Protein STRICTOSIDINE SYNTHASE-LIKE 10   Q4V3D9 1217.689 1.2 193.00 2.72 
Serine/arginine-rich splicing factor RSZ22   O81126 1032.547 1.0 110.30 2.68 
Phosphoglucomutase, chloroplastic   Q9SCY0 928.452 -0.4 183.70 2.60 
26S proteasome regulatory subunit 4 homolog A   Q9SZD4 1237.654 -0.9 129.70 2.58 
26S proteasome regulatory subunit 4 homolog B   Q9SL67 1237.654 -0.9 129.70 2.58 
Leucine-rich repeat (LRR) family protein   Q8RWI2 1269.727 4.1 234.60 2.54 
Cytochrome P450 83A1   P48421 1259.809 -0.1 230.60 2.51 
Glutathione S-transferase F8, chloroplastic    Q96266 961.547 -0.5 253.70 2.48 
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ARM repeat superfamily protein   Q94K48 803.514 -0.4 193.50 2.42 
Uncharacterized oxidoreductase At1g06690  Q94A68 1807.970 2.3 63.50 2.42 
Probable ATP synthase 24 kDa subunit, mitochondrial   Q9SJ12 1032.584 0.3 149.10 2.41 
MALE GAMETOPHYTE DEFECTIVE 1   F4III4 1032.584 0.3 149.10 2.41 
V-type proton ATPase subunit a3   Q8W4S4 972.511 -0.4 275.70 2.38 
ARM repeat superfamily protein   Q93VS8 1166.605 1.1 140.30 2.36 
30S ribosomal protein S11, chloroplastic   P56802 991.594 0.0 122.10 2.34 
Cyclin delta-3   F4JJY7 1158.652 0.9 91.10 2.34 
Cyclin delta-3   Q3E7I4 1158.652 0.9 91.10 2.34 
Cyclin delta-3   Q94JY0 1158.652 0.9 91.10 2.34 
6-phosphogluconate dehydrogenase, decarboxylating 1, chloroplastic   Q9SH696 1109.643 -0.5 101.70 2.34 
6-phosphogluconate dehydrogenase, decarboxylating 2, chloroplastic    Q9FFR3  1109.643 -0.5 101.70 2.34 
6-phosphogluconate dehydrogenase, decarboxylating 3  Q9FWA3 1109.643 -0.5 101.70 2.34 
Protoporphyrinogen oxidase 1, chloroplastic   P55826 1877.074 -0.4 54.90 2.33 
60S ribosomal protein L26-1   P51414 1343.717 -0.8 113.70 2.33 
Chaperonin CPN60-like 1, mitochondrial   Q8L7B5 843.530 -0.4 185.10 1.52 
Chaperonin CPN60, mitochondrial   P29197 843.530 -0.4 185.10 1.52 
Heat shock protein 60-2   F4IVR2 843.530 -0.4 185.10 1.52 
Ferredoxin--NADP reductase, leaf isozyme 2  Q8W493 1366.685 0.0 172.40 1.40 
Ferredoxin--NADP reductase, chloroplastic C0Z2A8 1366.685 0.0 172.40 1.40 
60S ribosomal protein L4-2   P49691 1302.742 0.1 88.90 1.34 
Ribosomal protein L4/L1 family  F4KDU5 1302.742 0.1 88.90 1.34 
Succinate dehydrogenase [ubiquinone] flavoprotein subunit 1 O82663 1310.670 0.5 98.50 1.26 
50S ribosomal protein L21, chloroplastic  P51412 729.487 -0.3 232.30 1.24 
Cytochrome b-c1 complex subunit 7-1  1 Q9SUU5 1423.725 0.1 143.00 1.23 
F-box protein At5g03100   Q501G5 815.462 -0.3 274.30 1.19 
Plasma membrane-associated cation-binding protein 1  Q96262 777.414 -0.2 154.90 1.19 
Plasma-membrane associated cation-binding protein 1  F4JUT9 777.414 -0.2 154.90 1.19 
Plasma-membrane associated cation-binding protein 1  f4JUT8 777.414 -0.2 154.90 1.19 
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Acclimation of photosynthesis to environment   A0A219HZL6 1362.715 1.2 143.30 1.18 
Acclimation of photosynthesis to environment   Q2HIR7 1362.715 1.2 143.30 1.18 
40S ribosomal protein S3-2   Q9M339 1277.634 0.0 123.50 1.18 
40S ribosomal protein S3-1   Q9SIP7 1277.634 0.0 123.50 1.18 
TRAF-like family protein Q9LHA6 936.519 0.1 232.00 1.15 
60S ribosomal protein L7a-2   Q9LZH9 893.509 -0.1 178.90 1.10 
Probable mediator of RNA polymerase II transcription subunit 37e  P22953 1329.614 2.1 126.80 1.09 
Probable mediator of RNA polymerase II transcription subunit 37c  Q9LHA8 1329.614 2.1 126.80 1.09 
Probable plastid-lipid-associated protein 1, chloroplastic  O81439 997.568 0.0 203.70 1.01 
Exportin-2   Q9ZPY7 1127.678 -0.5 211.20 1.64 
Protein MET1, chloroplastic  Q94BS2 1062.583 1.1 153.90 1.58 
Asparagine--tRNA ligase, cytoplasmic 1   Q9SW96 1115.631 1.0 130.00 1.58 
Peptidyl-prolyl cis-trans isomerase CYP20-1   Q9SP02 880.496 -0.3 120.10 1.58 
Calreticulin-2   Q38858 974.515 0.2 229.30 1.58 
ATP-dependent zinc metalloprotease FTSH 10, mitochondrial   Q8VZI8 748.435 0.0 139.40 1.58 
ATP-dependent zinc metalloprotease FTSH 3, mitochondrial   Q84WU8 748.435 0.0 139.40 1.58 
Tetratricopeptide repeat (TPR)-like superfamily protein   A0A178VBR3 949.510 -5.4 165.30 1.57 
Tetratricopeptide repeat (TPR)-like superfamily protein Q8GUK5 949.510 -5.4 165.30 1.57 
Linoleate 9S-lipoxygenase 1  Q06327 1293.680 0.7 104.90 1.55 
Protein GID8 homolog   Q84WK5 756.498 -0.5 257.40 1.55 
Glutathione S-transferase U5   P46421 943.521 0.0 233.90 1.54 
PsbP domain-containing protein 5, chloroplastic   P82715 1234.606 -0.3 136.40 1.52 
PsbP domain protein (Mog1/PsbP/DUF1795-like photosystem II reaction center PsbP family 
protein)   A0A1P8BCY0 1234.606 -0.3 136.40 1.52 
Cinnamyl alcohol dehydrogenase 7   Q02971 1048.579 0.0 219.80 1.51 
14-3-3-like protein GF14 chi   P42643 1018.455 -0.8 183.30 1.51 
General regulatory factor 1  F4JJ94 1018.455 -0.8 183.30 1.51 
3-hydroxyacyl-CoA dehydrogenase family protein   A0A1I9LST4 1607.860 -6.0 112.30 1.50 
Basic transcription factor 3   Q9SMW7 1229.612 0.6 99.70 1.48 
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Glucan endo-1,3-beta-glucosidase 6   Q93Z08 1242.600 0.3 204.80 1.47 
Protein ECERIFERUM 2  Q39048 1445.756 0.9 73.50 1.45 
Transmembrane protein, putative (DUF247)   Q9SJR2 991.594 0.5 182.00 1.43 
Expressed protein   Q9SJR4 751.410 -0.2 255.10 1.42 
Transcriptional activator (DUF662)   Q3EBM1 751.410 -0.2 255.10 1.42 
Transcriptional activator (DUF662)   Q8L9S7 751.410 -0.2 255.10 1.42 
Transcriptional activator (DUF662)   Q9LF99 751.410 -0.2 255.10 1.42 
Ribulose bisphosphate carboxylase small chain 1B, chloroplastic   P10796 907.488 -0.3 246.10 1.49 
Ribulose bisphosphate carboxylase small chain 3B, chloroplastic   P10798 907.488 -0.3 246.10 1.49 
Ribulose bisphosphate carboxylase small chain 2B, chloroplastic   P10797 907.488 -0.3 246.10 1.49 
Ribulose bisphosphate carboxylase small chain   B3H5S2 907.488 -0.3 246.10 1.49 
Ribulose bisphosphate carboxylase small chain  F4KA76 907.488 -0.3 246.10 1.49 
Sedoheptulose-1,7-bisphosphatase, chloroplastic   P46283 1235.663 0.1 121.00 1.49 
Monodehydroascorbate reductase 1, peroxisomal   Q9LFA3 1314.788 0.5 112.30 1.48 
Monodehydroascorbate reductase 1   F4J849 1314.788 0.5 112.30 1.48 
Photosystem I reaction center subunit IV A, chloroplastic   Q9S831 1327.685 0.9 109.40 1.47 
Cytochrome b6-f complex iron-sulfur subunit, chloroplastic   Q9ZR03 1448.734 -8.9 144.00 1.46 
Mitochondrial outer membrane protein porin 2   Q9FJX3 965.505 -0.3 179.30 1.42 
Voltage dependent anion channel 2   A0A2H1ZE94 965.505 -0.3 179.30 1.42 
Voltage dependent anion channel 2   F4K3R8 965.505 -0.3 179.30 1.42 
Photosystem I reaction center subunit V, chloroplastic   Q9S7N7 1104.563 0.0 194.60 1.41 
Cysteine synthase 1   P47998 1707.891 -1.0 85.80 1.36 
Chlorophyll a-b binding protein 3, chloroplastic   Q9S7M0 1294.683 0.3 149.70 1.32 
Fructose-bisphosphate aldolase 8, cytosolic   Q9LF98 1020.547 2.0 148.80 1.18 
Pyrophosphate-energized vacuolar membrane proton pump 1   P31414 1015.542 -0.4 165.60 1.16 
Inorganic H pyrophosphatase family protein  A8MQH1 1015.542 -0.4 165.60 1.16 
60S ribosomal protein L24-1   Q42347 949.572 0.0 68.70 1.11 
60S ribosomal protein L24-2  P38666 949.572 0.0 68.70 1.11 
Delta-1-pyrroline-5-carboxylate synthase A  P54887 1588.833 0.2 77.00 1.06 
274 
 
Delta-1-pyrroline-5-carboxylate synthase   F4IFZ9 1588.833 0.2 77.00 1.06 
AT2G39800 protein   B9DFG0 1588.833 0.2 77.00 1.06 
60S ribosomal protein L23   P49690 866.582 0.0 149.30 0.96 
Cytochrome b-c1 complex subunit 7-1   Q9SUU5 1757.896 -2.4 56.60 0.93 
ATPase 2, plasma membrane-type   P19456 1040.574 -0.6 62.40 0.91 
Plasma membrane ATPase   F4JPJ7 1040.574 -0.6 62.40 0.91 
Peroxiredoxin-2E, chloroplastic  Q949U7 1063.599 -0.4 160.90 0.91 
Chaperonin 60 subunit alpha 1, chloroplastic  P21238 940.571 0.1 109.80 0.89 
Soluble inorganic pyrophosphatase 1  Q93V56 531.289 -0.6 67.70 0.85 
Soluble inorganic pyrophosphatase 5   O82597 531.289 -0.6 67.70 0.85 
D-3-phosphoglycerate dehydrogenase 1, chloroplastic   O49485 1143.600 -3.6 95.20 1.54 
60S ribosomal protein L18a-2   P51418 1133.585 -1.0 99.80 1.45 
Ribosomal protein L18ae/LX family protein   A0A1P8AY36 1133.585 -1.0 99.80 1.45 
ATP-dependent zinc metalloprotease FTSH 8, chloroplastic   Q8W585 1059.568 -2.2 128.00 1.37 
Nucleosome assembly protein 1;2   Q9ZUP3 1025.567 1.6 186.40 1.37 
Serine carboxypeptidase-like 49   P32826 1255.657 1.9 75.30 1.27 
40S ribosomal protein S4-1   Q93VH9 944.541 0.9 158.40 1.26 
40S ribosomal protein S4-3   Q8VYK6 944.541 0.9 158.40 1.26 
40S ribosomal protein S4-2   P49204 944.541 0.9 158.40 1.26 
Coatomer subunit gamma  Q0WW26 2858.509 0.7 20.10 1.22 
Uncharacterized protein At5g11420  Q9LYE7 944.516 0.4 86.60 1.20 
Protein TOC75-3, chloroplastic  Q9STE8 1065.532 1.8 115.60 1.20 
ATP synthase subunit O, mitochondrial   Q96251 543.361 -2.2 52.50 1.15 
AT5G13450 protein  B9DGP8 543.361 -2.2 52.50 1.15 
Actin-8   Q96293 931.536 -1.5 98.60 1.10 
Actin-2   Q96292 931.536 -1.5 98.60 1.10 
Actin 2   F4J8V9 931.536 -1.5 98.60 1.10 
Triose phosphate/phosphate translocator TPT, chloroplastic  Q9ZSR7 1126.658 -0.3 118.90 1.08 
Glucose-6-phosphate/phosphate translocator-like protein   A0A219I0W9 1126.658 -0.3 118.90 1.08 
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Glucose-6-phosphate/phosphate translocator-like protein   A0A219HZH3 1126.658 -0.3 118.90 1.08 
Glucose-6-phosphate/phosphate translocator-like protein   A0A219HYB6 1126.658 -0.3 118.90 1.08 
NAC domain-containing protein 68   A8MQY1 814.453 -0.5 175.10 1.06 
NAC with transmembrane motif1  F4JI38 814.453 -0.5 175.10 1.06 
Probable voltage-gated potassium channel subunit beta   O23016 916.510 -0.3 187.80 1.04 
Glyceraldehyde-3-phosphate dehydrogenase GAPA1, chloroplastic   P25856 1384.779 -0.1 28.10 1.62 
(S)-2-hydroxy-acid oxidase GLO2   Q9LRS0 1245.731 0.3 51.10 1.59 
Aldolase-type TIM barrel family protein  F4JFV6 1245.731 0.3 51.10 1.59 
ATP synthase subunit b, chloroplastic   P56759 729.462 0.4 186.00 1.59 
ATP synthase beta chain (Subunit II) Q42139 1572.848 0.3 69.30 1.58 
Nitrilase 1   P32961 1821.953 5.1 144.40 1.48 
Oxygen-evolving enhancer protein 1-1, chloroplastic  P23321 881.488 0.3 117.10 1.46 
Oxygen-evolving enhancer protein 1-2, chloroplastic   Q9S841 881.488 0.3 117.10 1.46 
14-3-3-like protein GF14 epsilon   P48347 1500.790 0.4 138.70 1.46 
General regulatory factor 10  F4I1C1 1500.790 0.4 138.70 1.46 
Photosystem I reaction center subunit psaK, chloroplastic  Q9SUI5 932.495 -0.5 153.30 1.44 
Temperature-induced lipocalin-1   Q9FGT8 1110.531 0.1 61.90 0.73 
Chlorophyll a-b binding protein 3, chloroplastic   Q9S7M0 894.516 -0.7 135.10 0.63 
Probable ATP synthase 24 kDa subunit, mitochondrial   Q9SJ12 825.451 -0.5 55.90 0.53 
MALE GAMETOPHYTE DEFECTIVE 1   F4III4 825.451 -0.5 55.90 0.53 
Histone H3-like 5   Q9FKQ3 831.493 0.8 140.90 0.46 
Eukaryotic translation initiation factor 3 subunit B   Q9C5Z1 991.510 -3.0 132.60 0.70 
Eukaryotic translation initiation factor 3 subunit B   F4K4D5 991.510 -3.0 132.60 0.70 
Eukaryotic translation initiation factor 3 subunit B   Q8GUM1 991.510 -3.0 132.60 0.70 
Sucrose synthase 1   P49040 1235.667 -2.2 191.80 1.37 
V-type proton ATPase subunit a3   Q8W4S4 719.420 0.8 132.30 1.00 
V-type proton ATPase subunit a2   Q9SJT7 719.420 0.8 132.30 1.00 
Xylose isomerase   Q9FKK7 1143.626 1.4 115.80 0.76 
Xylose isomerase  F4KC24 1143.626 1.4 115.80 0.76 
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Serine--glyoxylate aminotransferase   Q56YA5 986.567 0.3 184.20 1.02 
Probable UDP-arabinopyranose mutase 5  Q9FFD2 839.441 0.2 92.60 1.03 
Nitrilase 3   P46010 864.483 0.1 226.10 1.18 
Proteasome subunit alpha type-6-B   O81147 1661.788 -2.5 35.00 0.76 
Proteasome subunit alpha type   F4IIA5 1661.788 -2.5 35.00 0.76 
Proteasome subunit alpha type  A0A1P8B073 1661.788 -2.5 35.00 0.76 
Probable plastid-lipid-associated protein 9, chloroplastic   Q9M2P7 898.536 -0.7 156.30 0.95 
Probable cytosolic oligopeptidase A   Q949P2 1773.923 0.0 44.30 1.12 
Organellar oligopeptidase A, chloroplastic/mitochondrial   Q94AM1 1773.923 0.0 44.30 1.12 
Zincin-like metalloproteases family protein  A0A1R7T3A4 1773.923 0.0 44.30 1.12 
Pyridoxal 5'-phosphate synthase subunit PDX1.1   O80448 1134.627 0.5 144.70 1.00 
ADP-ribosylation factor 1   P36397 478.302 -0.2 22.40 0.98 
ADP-ribosylation factor 2-A   Q9LQC8 478.302 -0.2 22.40 0.98 
ADP-ribosylation factor 2-B   P0DH91 478.302 -0.2 22.40 0.98 
Subtilisin-like protease SBT4.1   F4IG09 1126.651 -0.3 113.90 1.09 
Glyoxylate/succinic semialdehyde reductase 1   Q9LSV0 1241.616 0.2 16.20 1.18 
Saccharopine dehydrogenase Q94BZ0 926.567 -0.5 156.60 1.03 
Long chain acyl-CoA synthetase 4   Q9T0A0 934.524 -0.1 119.60 1.04 
ATP-citrate synthase beta chain protein 1   Q9C522 1584.911 5.4 93.30 1.24 
Lactoylglutathione lyase GLX1   O65398 934.536 2.4 93.30 1.05 
Obg-like ATPase 1   Q9SA73 1066.662 0.5 120.00 1.09 
Photosystem I reaction center subunit IV A, chloroplastic   Q9S831 1015.500 -2.2 149.80 0.78 
40S ribosomal protein S27-2   Q9M2F1 958.412 0.5 122.50 0.85 
40S ribosomal protein S27-1   O64650 958.412 0.5 122.50 0.85 
Asparagine--tRNA ligase, chloroplastic/mitochondrial   O48593 1374.774 0.4 111.50 1.09 
ARM repeat superfamily protein   F4JR52 1758.016 -1.0 5.90 1.23 
ARM repeat superfamily protein   F4JR53 1758.016 -1.0 5.90 1.23 
ARM repeat superfamily protein   A0A1P8B4E4 1758.016 -1.0 5.90 1.23 
Photosystem I assembly factor PSA3, chloroplastic   Q9M3C6 1348.754 4.0 109.40 1.05 
277 
 
ER membrane protein complex subunit 8/9 homolog   Q9FG71 1056.616 -0.3 116.70 1.09 
Internal alternative NAD(P)H-ubiquinone oxidoreductase A1, mitochondrial   Q8GWA1 858.468 -0.1 198.40 1.03 
Adenine nucleotide alpha hydrolases-like superfamily protein  Q8LC99 794.420 -0.2 124.80 1.27 
Protein ACCUMULATION AND REPLICATION OF CHLOROPLASTS 6, chloroplastic Q9FIG9 973.459 1.9 24.00 1.22 
Chaperone DnaJ-domain superfamily protein  A0A1P8BCR9 973.459 1.9 24.00 1.22 
NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 8-B Q8LGE7 791.452 -0.2 129.10 1.10 
Probable phospholipid hydroperoxide glutathione peroxidase 6, mitochondrial  O48646 863.462 -2.2 108.50 0.91 
Exocyst complex component SEC5A  Q8S3U9 1185.684 -0.3 98.50 0.67 
ATP-dependent Clp protease ATP-binding subunit CLPT1, chloroplastic  Q93WL3 1092.535 1.0 139.00 1.16 
Galactolipid galactosyltransferase SFR2, chloroplastic Q93Y07 876.494 -0.2 171.50 0.99 
Saccharopine dehydrogenase Q94BZ0 926.567 -3.4 158.70 0.99 
Expressed protein  Q9SJ03 874.524 0.2 157.90 0.91 
Lactoylglutathione lyase GLX1  O65398 957.536 -2.3 123.30 0.45 
Adenosine kinase 2 Q9LZG0 1326.629 -0.5 57.80 0.91 
Adenosine kinase 1  Q9SF85 1326.629 -0.5 57.80 0.91 
Adenosine kinase 2  A0A1P8BAP0 1326.629 -0.5 57.80 0.91 
Sucrose-phosphate synthase 1 Q94BT0 1081.673 -0.2 133.30 1.08 
60S ribosomal protein L26-1  P51414 763.446 -0.2 85.10 0.82 
D-glycerate 3-kinase, chloroplastic  Q944I4 784.468 -0.6 131.50 0.98 
p-loop containing nucleoside triphosphate hydrolases superfamily protein A0A1P8AMB5 784.468 -0.6 131.50 0.98 
p-loop containing nucleoside triphosphate hydrolases superfamily protein F4HS63 784.468 -0.6 131.50 0.98 
p-loop containing nucleoside triphosphate hydrolases superfamily protein A0A1P8AMB3 784.468 -0.6 131.50 0.98 
p-loop containing nucleoside triphosphate hydrolases superfamily protein C0Z2X8 784.468 -0.6 131.50 0.98 
Fructose-bisphosphate aldolase 6, cytosolic  Q9SJQ9 933.515 0.7 98.00 0.91 
Carbamoyl-phosphate synthase large chain, chloroplastic  Q42601 1062.619 0.9 180.60 1.57 
Regulatory-associated protein of TOR 1 Q93YQ1 1448.811 1.0 74.80 1.22 
SNF1-related protein kinase regulatory subunit gamma-1  Q8LBB2 953.578 0.4 158.20 1.53 
Probable plastid-lipid-associated protein 12, chloroplastic  Q8LAP6 974.546 1.2 192.60 1.54 
ABC transporter F family member 1  Q9FJH6 982.568 0.3 170.80 1.44 
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Eukaryotic translation initiation factor 3 subunit L  F4JY76 917.452 -0.8 184.90 1.14 
60S ribosomal protein L18a-2  P51418 778.461 -0.6 184.20 0.63 
Ribosomal protein L18ae/LX family protein  A0A1P8AY36 778.461 -0.6 184.20 0.63 
Villin-3  O81645 1461.795 2.7 130.30 1.63 
Villin 3  A0A1I9LLV6 1461.795 2.7 130.30 1.63 
Villin 3  A0A1I9LLW3 1461.795 2.7 130.30 1.63 
Phosphomethylethanolamine N-methyltransferase  Q944H0 1568.748 -0.9 118.70 1.70 
Coatomer subunit epsilon-1  Q9SA78 1109.486 -0.1 131.70 1.40 
Dynamin-related protein 1A  P42697 1116.662 1.2 191.40 1.40 
Dynamin-like protein  F4K015 1116.662 1.2 191.40 1.40 
40S ribosomal protein S7-3  Q8LD03 950.531 -0.6 226.80 1.40 
Ubiquitin carboxyl-terminal hydrolase 12  Q9FPT1 1302.690 2.0 71.00 1.09 
Ubiquitin carboxyl-terminal hydrolase 13  Q84WU2 1302.690 2.0 71.00 1.09 
Ubiquitin-specific protease 12  F4K3X1 1302.690 2.0 71.00 1.09 
Ubiquitin-specific protease 13  F4J7I2 1302.690 2.0 71.00 1.09 
40S ribosomal protein S7-1  Q9C514 1030.604 0.5 188.90 1.65 
Chloroplastic lipocalin  Q9STS7 1059.624 0.5 180.80 1.65 
Fatty acid amide hydrolase  Q7XJJ7 841.457 -0.7 175.60 1.14 
NAD(P)-linked oxidoreductase superfamily protein  Q949S6 1232.648 1.9 225.80 1.62 
Glutathione reductase, cytosolic  P48641 1097.595 0.1 143.00 1.53 
Valine--tRNA ligase, chloroplastic/mitochondrial 2  F4KE63 862.503 -0.1 85.30 0.79 
Protein translocase subunit SECA1, chloroplastic  Q9SYI0 1986.091 1.4 17.20 1.44 
Beta carbonic anhydrase 4  Q94CE4 929.505 -0.1 187.10 1.24 
Golgin candidate 6  B0F9L4 1260.618 -0.5 117.00 1.40 
Insulin-degrading enzyme-like 1, peroxisomal  O22941 577.371 0.8 79.00 1.39 
Citrate synthase 3, peroxisomal  Q9SJH7 1117.636 0.0 95.40 1.09 
ENHANCED DISEASE RESISTANCE protein (DUF1336)  A0A1P8BH65 1045.459 -0.4 136.40 1.40 
ENHANCED DISEASE RESISTANCE protein (DUF1336)  F4JYC1 1045.459 -0.4 136.40 1.40 
50S ribosomal protein L28, chloroplastic  O22795 1152.641 -0.3 185.90 1.44 
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Nardilysin-like  F4HNU6 1231.705 0.7 166.60 1.53 
Pentatricopeptide repeat-containing protein At2g26790, mitochondrial  O81028 1128.687 0.2 198.70 1.53 
Oxidoreductase, zinc-binding dehydrogenase family protein  A8MRW5 1794.052 -0.4 39.40 1.40 
Oxidoreductase, zinc-binding dehydrogenase family protein O65423 1794.052 -0.4 39.40 1.40 
Oxidoreductase, zinc-binding dehydrogenase family protein B9DGL1 1794.052 -0.4 39.40 1.40 
Vacuolar protein sorting-associated protein 41 homolog  P93043 1112.667 0.8 203.80 1.46 
Putative chloroplast RNA binding protein  O82299 1278.611 -2.2 97.20 1.41 
DEK domain-containing chromatin associated protein  Q9SUA1 870.468 -0.4 201.40 1.09 
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Table S7: Solutions for the preparation of the 12.5% SDS-PAGE resolving gels. 
 
Table S8: Indicating the solutions for the preparation of the 4% SDS-PAGE stacking gels. 
                                   
 
Table S9: Preparation of the SDS-PAGE gels. 
Components 12% Resolving gel (mL) 5% Stacking gel 
(mL) 
30% Acrylamide/bisacrylamide solution 
(29:1) ratio 
4 0.5 
1.5 M Tris (pH 8.8) 2.5 - 
1.5 M Tris (pH 6.8) - 0.38 
10% SDS 0.1 0.03 
dH2O 3.3 2.1 
10% APS 0.1 0.04 
TEMED 0.004 0.004 
Total 10 3 
 
Solutions Volumes  
(mL) 
dH2O 3 
30% monomer solution 0.67 
1.5 M Tris, pH 6.8 1.25 
10% (w/v) SDS 0.05 
10% (w/v) APS 0.05  
TEMED 0.005 
Solutions Volumes 
(mL) 
dH2O 2.5 
30% (w/v) monomer solution [acrylamide (Merck, Germany), bisacrylamide (Sigma 
Aldrich, USA) in 29:1 ratio] 
3.33 
1.5 M Tris, pH 8.8  2 
10% (w/v) SDS  0.08 
10% (w/v) Ammonium persulphate (APS) (Merck, Germany) 0.08 
TEMED (Merck, Germany) 0.008 
